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ABSTRACT 


Holstein cows were fed rations in 3 physical forms; loose con- 
centrate plus hay, complete cubes plus loose concentrate and hay, and 
complete cubes. The complete cubes (60 per cent alfalfa hay and 40 per 
cent of a concentrate mixture) were 3/4'' in diameter and 1 to 2 inches 
in length, Faba beans were compared to rapeseed meal as the source of 
supplemental protein. The concentrate mixture was maintained at 14 per 
cent crude protein by substitution of rapeseed meal and some barley by 
faba beans (Vicia faba L. vars minor). Digestion studies were conducted 
with 4 cows fed each ration. Milk production and composition was recorded. 

Before parturition, most cows ate the cubes well. Some cows 5 
to 10 days postpartum, went off-feed and were switched to loose concen- 
trate and chopped hay to regain feed intake. Older, higher producing 
cows with higher feed requirements seemed more prone to off-feed diffi- 
culties than younger, lower producing cows with lower feed requirements. 
Cows later in their lactation consumed the cubes more consistently. 

There were no significant differences (P> 0.05) in digestibility 
coefficients between rapeseed meal and faba bean rations. For loose con- 
centrate plus hay, cubes plus loose concentrate and hay, and complete 
cubes, digestibility coefficients were 68.5, 64.9, and 62.8, respectively 
for dry matter (P>0.05), 70.0, 70.1, and 68.9, respectively for crude 
protein (P>0.05), and 69.4, 65.6, and 62.9, respectively for gross 
energy (P<0.05). The coefficient of digestibility of gross energy in 
the loose concentrate plus hay ration was significantly different (P<0.05) 
from that in the complete cubed ration. 


Actual and 4 per cent fat-corrected milk production were not 
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significantly different (P> 0.05) from cows fed rapeseed meal or faba 
beans in the loose concentrate plus hay rations. Percentage fat was 
significantly higher (P<0.05) in milk from cows fed faba beans than 

from cows fed rapeseed meal in the first 6 weeks of lactation (3.64 vs 
3.11 per cent). In the first 16 weeks of lactation, the percentage fat 

in milk was 16.8 per cent higher (P>0.05) from cows fed faba beans as 
compared with cows fed rapeseed meal (3.61 vs 3.09 per cent). Percent- 
ages of solids-not-fat and protein in milk, were slightly higher (P> 0.05) 
for cows fed rapeseed meal than those fed faba beans. Dry matter and 
digestible energy intake per day was not significantly different (P> 0.05) 
between cows fed rapeseed meal or faba beans. 

A second experiment was conducted using growing heifers and 
bulls to test the acceptability of feed and seed grade faba beans at 0, 
20, and 40 per cent levels of a barley ration. Heifers and bulls had 
average initial weights of 280 and 220 kg., respectively. 

Dry matter intake and average daily gain were not significantly 
different (P> 0.05) between treatments. However, heifers, due to their 
larger weight, consumed significantly more (P<0.05) dry matter daily 
than the bulls. At the 40 per cent level of faba beans, animals con- 
sumed 11.3 per cent more dry matter daily; at the 20 per cent level, dry 
matter intake was similar to that with the barley ration. The 20 and 40 
per cent levels of faba beans resulted in 6.7 and 14.4 per cent, respec- 
tively, more average daily gain than with the barley ration. The 20 
and 40 per cent levels of faba beans improved conversion of digestible 


energy by 13.9 and 14.4 per cent, respectively, over the barley ration. 
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INTRODUCTION 


Present trends to increase mechanization of the feeding of 
dairy cattle are resulting in experimental work to determine whether or 
not various ''packaged feed units'' can maintain or increase the nutritive 
value of feed. Completely pelleted or cubed rations can have definite 
advantages in preventing the sorting of ingredients, allowing easier 
handling and storage, reducing dust, and permitting adaptation to mech- 
anical or self-feeding methods. Disadvantages of pelleting and cubing 
include the high cost of pelleting and cubing and the high cost of haul- 
ing bulky roughage to pelleting mills. 

In addition to investigations of the physical form of the feed, 
research on protein supplements is needed for western Canadian feedlots 
and dairy operations with the object of replacing imported protein sup- 
plements, such as soybean meal and fish meal, with the products that can 
be produced locally. One new protein source in Western Canada is the 
field bean or faba bean (Vicia faba L. vars. minor). Little work on 
feeding faba beans to ruminants has been carried out in Canada yet, al- 
though literature is available from European research. 

Therefore, an experiment was undertaken to test the feeding 
of a completely cubed ration to dairy cows in comparison with a normal 
ration of chopped hay and concentrate in the form of a meal. In the 
experiment, faba beans were compared with rapeseed meal as protein sup- 
plements. Feed intake, digestibility of the rations, milk production, 
and milk composition were examined. In addition, a group of bulls and 
heifers, averaging 250 kg. liveweight, were fed faba beans as a protein 
supplement to study the acceptability of high concentrate rations, con- 


taining medium and high levels of the beans. 
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REVIEW OF LITERATURE 
Rapeseed Meal for Dairy Cows 

Rapeseed Meal for Milk Production 

Jarl (1951) fed dairy cows 2.5 kg. of an oilcake mixture con- 
taining 0, 25, 50 and 60 per cent rapeseed meal. Some palatability pro- 
blems giving reduced feed intake were reported at the beginning of the 
trial, but were overcome with an adjustment period to the feed. Milk 
production was less when the 50 and 60 per cent levels of the rapeseed 
meal were used, as compared to levels of O and 25 per cent. There was 
a small decrease in fat content of the milk with all combinations using 
rapeseed meal. Homb, @rud, and Waldern (1958) and Nordfeldt (1958) also 
reported butterfat to be slightly lower from cows fed rapeseed meal. 

In an experiment by Seale (1952), feeding a ration of either 
20 per cent rapeseed meal or 20 per cent linseed meal resulted in sim- 
ilar milk production and equal butterfat content. There was no differ- 
ence in palatability between rations, or taste and odor of milk produced. 
In work by Homb et al. (1958), the feeding of rapeseed meal as compared 
to linseed meal, both at the 5 per cent level, resulted in no significant 
difference in milk yield, general condition of animals or taint of milk. 
Other work by Homb et al. (1961), in which cows were fed either 5 or 
10 per cent rapeseed meal in the concentrate mixture or an equivalent 
amount of herring meal or soybean meal, resulted in no difference in 
milk yield, fat content of the milk or weight gain of cows. Nordfeldt 
(1958) also reported no difference in quality or taste of milk when rape- 
seed meal was fed at 1.5 kg. per cow daily. The use of rapeseed meal 
resulted in higher milk production than with soybean meal. 


Asplund (1961) fed milking cows rapeseed meal at the rates of 
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0, 10 and 20 per cent of the dry matter content of the ration. Linseed 
meal was used as the control at the same protein levels. Cows that re- 
ceived 10 per cent rapeseed meal produced as much milk as those receiving 
linseed meal, but those receiving 20 per cent rapeseed meal declined in 
milk production almost twice as fast as the control cows. Burgess and 
Nicholson (1971), feeding either 22.5 per cent rapeseed meal or 1.75 per 
cent urea compared to 15 per cent soybean meal, found feed intake and 
body weight gains similar, but milk production declined most rapidly for 
those cows fed urea; cows fed rapeseed meal declined more rapidly in milk 
production than those fed soybean meal. Ingalls, Waldern, and Stone 
(1970) also found daily milk production, persistency of milk production, 
and percentage milk fat lower for cows fed rapeseed meal than for those 
fed soybean meal. Ingalls et al. (1970) reported no difference in daily 
intake by cows fed concentrate rations containing either 24 per cent soy- 
bean meal or 27 per cent rapeseed meal. 
Rapeseed Meal Acceptability 

In other work by Asplund (1962), the use of 10 per cent linseed 
meal or 10 per cent rapeseed meal in the concentrate mixture resulted in 
no difference in milk production. He noted that rations containing rape- 
seed meal were as palatable as those containing linseed meal. In work 
by Witt, Huth, and Hartmann (1959), feeding cows concentrate containing 
25 per cent rapeseed meal increased average daily milk yield per cow by 
0.35 kg. with no adverse effects on the fat content or acceptability of 
the ration. Chomyszyn and Beza (1965), feeding rapeseed oil meal up to 
SO per cent of the concentrate, found milk production increased by 1.4 
kg. daily, with no change in acceptability of the ration. In other 


work (Interim Report to ARC, 1974), rapeseed meal fed at levels as high 
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as 15 per cent of a complete ration for dairy cows resulted in no signs 
of reduced feed intake, decreased palatability, decreased milk yield or 
change in composition of milk. The daily intake of rapeseed meal was as 
high as 3.0 kg. when fed as a component of a complete diet in this study. 
Rapeseed Meal and Urea 

Ingalls, Seale, and Mckirdy (1968), replaced 10 per cent soybean 
meal with 12 to 13 per cent rapeseed meal in dairy rations. They found 
concentrate intake to be reduced. Milk production, percentage butterfat, 
percentage solids-not-fat (SNF) and percentage protein were unaffected. 
When 6 per cent rapeseed meal and 0.8 per cent urea replaced the soybean 
meal, there was a reduction in feed intake similar to that obtained with 
the 12 per cent rapeseedmeal ration. In work by Grieve (1973), compar- 
ing 8.5 per cent rapeseed meal and 0.75 per cent urea to 14.5 per cent 
soybean meal in a ration fed to lactating dairy cows, it was found that 
8.5 per cent rapeseed meal and 0.75 per cent urea could substitute en- 
tirely for soybean meal without depressing feed intake, milk protein 
percentage, or milk SNF percentage. Butterfat percentage and milk pro- 
duction were slightly lower with the ration containing rapeseed meal, 
but the difference was attributed to variation between cows. 

Grenet (1970) studied the effects of feeding toasted rapeseed 
meal to dairy cows. He found toasting permitted greater utilization of 
rapeseed meal by increasing the acceptability of the meal. Addition of 
toasted meal to the level of 30 per cent of the ration increased feed 
intake. Larger additions reduced intake. An adaptation period was 
required for the meal. He recommended that the quantity of rapeseed 
meal be increased gradually. 


In reviews by Ingalls and Waldern (1972) and Whiting (1965), 
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they reported rapeseed meal to be a good protein supplement for lactating 
dairy cows jf the level of rapeseed meal did not exceed 10 per cent of 
the concentrate. At this level, there was no effect on feed intake or 


milk production. 
The Feeding of Faba Beans 


Botanical Identification 

The species Vicia faba L. is divided into two subspecies, 

Vicia faba L. vars. minor being the small faba bean, tick bean or horse- 
bean, and Vicia faba L. vars. maior being the broadbean. The difference 
between the tick bean and the horsebean is the larger size of the horse- 
bean (Presber, 1972). 

For terms of botanical identification, the subspecies Vicia 
faba L. vars. minor is within the class of the Dicotyledoneae being in 
the sublcass Choripetalae (Presber, 1972). As the faba bean is in the 
Leguminosae order and is a common edible bean, it is in the Papilionaceae 
family and Viceae (vetches) subfamily of the genus Vicia (vetch). Vicia 
faba should be considered separate from the genus Vicia since it will not 
cross with any other Vicia species and there is no wild form of Vicia 


faba. 


Feeding Faba Beans to Ruminants 


Feeding faba beans to ruminants has proven successful in Euro- 
pean research (Richter, Cranz, and Antoni, 1964; Huber, 1972; Antoni, 
1964; Franck, undated). faba beans are close to barley in terms of 
energy but are considerably higher in protein. As a general rule, in 
terms of biological value, 2 parts of faba beans can be replaced by 1 
part feed grain and 1] part soybean meal (Huber, 1972). Franck (undated) 


emphasizes that 3 parts corn and 1 part faba beans, both in the whole 
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plant form, can supply good silage to fattening steers or pigs. 

The feeding of faba beans to calves is limited by the beans 
bitter taste; 1/2 kg. per day of chopped faba beans being the limit 
(Antoni, 1964). The bitter taste is due to the presence of 0.34 to 0.50 
per cent tannin (Aherne, 1974). In older feeders, Antoni (1964) sug- 
gested 1.0 to 1.5 kg. of faba beans per day or about 20 per cent of the 
ration. Huber (1972) agrees that calves older than 3 months of age pro- 
duce good results with rations containing 20 per cent faba beans. Even 
a diet of cracked beans and hay has proven successful for growing steers 
with the addition of minerals and vitamins (Eden, 1968). When fed to 
cattle, the hulls of the beans should be cracked. Presber (1972) states 
"a 10 per cent share of uncracked whole beans in the diet will have a 
stimulating effect on the animals general digestion." 

When feeding faba beans to dairy cattle, good results have 
been reported when the beans constituted 50 per cent of the concentrate 
(Eden, 1968; Huber, 1972). Other results (Antoni, 1964; Richter et al. 
1964) report rations containing 30 per cent faba beans can be fed with 
no adverse effects on milk production or butterfat. In work by Ingalls 
and Mckirdy (1974), the addition of 17.5 or 35 per cent faba beans to 
the dairy concentrate appeared to have little effect on feed intake, 
milk production, milk protein content, or milk SNF if compared to rape- 
seed meal or soybean meal. They found a higher butterfat test with the 
35 per cent faba bean ration. Presber (1972) cites Stahlin (1957) as 
reporting the quantity of milk produced and its fat content increased 
with the inclusion of beans in the ration. 

Macleod, Matted frit d' and Kay (1972) found nitrogen retention 


by growing steers fed field beans similar to values obtained with 
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soybean meal and fish meal. In this study, nitrogen from field beans was 
less digestible than from either soybean meal or fish meal. There was no 
difference between digestion coefficients for diets with rolled barley 
and either whole or rolled beans, but when both barley and beans in the 
whole form were fed, dry matter and nitrogen digestibility coefficients 
were 10 per cent lower. In two of the digestion trials, dry matter in- 
take was higher when steers were offered whole as opposed to rolled beans. 
Edwards, Duthie, Rogers, and Owen (1973) found bean hulls fed at 62 per 
cent of the concentrate mixture to sheep had digestion coefficients of 
59.6, 58.2, 60.3 and 59.9 for dry matter, nitrogen, crude fibre, and 
energy, respectively. Metabolizable energy values of the bean hulls 
were calculated between 2.00 and 2.10 Mcal./kg. 
Feeding Faba Beans to Swine 

Faba beans appear to be a satisfactory protein supplement for 
fattening pigs. However, it is not recommended as the sole protein 
source. Faba beans and fish meal together produce good results (Antoni, 
1964). The strong taste, derived from tannins, of faba beans causes 
young pigs to reject rations containing large amounts of the beans. In 
addition, high levels of faba beans in a ration can give stiffness and 
loss of weight (Antoni, 1964). It is generally agreed (Antoni, 1964; 
Eden, 1968; Huber, 1972) that faba beans give a darker color of meat and 
a more solid texture of bacon in swine carcasses. 

Franck (undated) notes the inclusion of 15 to 20 per cent faba 
beans in a ration for fattening pigs will give satisfactory response. 
In work by Antoni (1964), rations containing faba beans at the levels of 
10, 20, and 30 per cent for young, fattening, and finishing pigs, res- 


pectively, gave high average daily gains. At the 30 per cent level, 
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pigs were eating 0.97 kg. per day of the faba beans. In this study, faba 
beans showed no detrimental effects even in young pigs. Clarke (1970) 
found the replacement of soybean meal by faba beans in pig rations gave 
no significant differences in growth rate or feed conversion. 

Feeding Faba Beans to Poultry 

Some variation exists in the metabolizable energy value of 
faba beans when fed to chicks. Edwards and Duthie (1970) and Edwards and 
Duthie (1972) reported metabolizable energy values of 2.°:0 and 2.44 kcal 
per gram, respectively. Carpenter and Johnson (1968) found a value of 
2.76 kcal per gram for faba beans. Clarke (1970) states that in deter- 
mining the economic value of faba beans, a value of 2.82 kcal per gram 
of dry matter should be used. 

Clarke (1970) found faba beans to have relatively high concen- 
trations of linoleic acid and lysine and low concentrations of sulphur- 
containing amino acids and manganese. Linoleic acid is important to main- 
tain egg size in poultry, and lysine would be important for swine rations 
since it is usually the first limiting amino acid in swine rations. 

In work by Blair and Bolton (1968) as reported by Clarke (1970), 
liveweight gain, feed intake, and feed conversion of chickens were not 
affected by the inclusion of 10, 20, and 30 per cent faba beans in the 
diet. The diets were also supplemented with methionine. They also re- 
ported no adverse effects on growth or feathering when the diet contained 
30 per cent faba beans. Bletner, Chalhoub, and Goff (1963) found abnormal 
feathering in chicks fed faba beans. The highest incidence of abnormal 
feathering was with chicks receiving 60 per cent faba beans supplemented 
with methionine and choline. Diets containing high levels of riboflavin, 


choline, niacin, and fat reduced feathering abnormalities. 
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Nitsan (1971) reported antinutritional factors in faba beans, 
with trypsin and chymotrypsin inhibiting activities at levels of about 
1/60 to 1/30 of that found in raw soybean meal. Marquardt and Campbell 
(1973) reported that heat treatment (autoclaved 15 minutes at 121° C) 
of faba beans reduced the pancreas enlargement caused by raw faba beans, 
and improved feed utilization. The increase in pancreas size indicates 
the presence of trypsin, chymotrypsin or amylase inhibitors in raw faba 
beans. A significant response to heat treatment was obtained in growth 
rate when the ration contained 85 per cent faba beans, but there was 
little response when the ration contained less than 57 per cent faba 
beans. Most of the antinutritional factors in faba beans appeared to 
be in the dehulled bean, since heat treatment of the dehulled bean re- 
sulted in the responses noted above, whereas hulls did not affect pan- 


creas size. 


Both Marquardt and Campbell (1973) and Bletner et al. (1963) 
concluded that raw faba beans, when properly supplemented with methionine, 
will promote growth in young chicks at a rate similar to soybean meal as 
the protein supplement. Franck (undated) reported faba beans would give 


good response when fed to laying hens at 20 per cent of the diet. 


Regulation of Feed Intake in Ruminants 


Physical Regulation 


Montgomery and Baumgardt (1965a) suggested that feed intake 
regulation was controlled by physical means with feeds of low nutritive 


value and by chemical or thermal mechanisms at higher nutritive values. 
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They supported the hypothesis that ruminants adjust food intake in rela- 
tion to physiological demands for energy if fill or rumen load does not 
limit their consumption. At some undefined point, feed intake declines 
while the increased energy concentration of the ration allows maintenance 
of energy intake. 

Dinius and Baumgardt (1970), working with sheep, found 2.47 kcal 
digestible energy per gram or a corresponding digestibility of 66 per 
cent to be the point between bulk limitation of intake and energy intake 
regulation. In dairy cows or heifers, feed intake was determined by the 
animals capacity or by the rate of passage of undigested materials of 
digestibility less than 66 per cent and by physiological mechanisms 
at higher digestibilities (Montgomery and Baumgardt, 1965b; Conrad, Pratt, 
and Hibbs, 1964). Conrad et al. (1964) concluded that at higher digesti- 
bilities, intake appeared dependent on metabolic size, production, and 
digestibility. Jones (1972) noted that factors that influence the rate 
of digesta passage from the reticulorumen control the intake of predomi- 
nantly forage rations at least until digestibility reaches 55 - 66 per 
cent. 

Physiological Regulation 

Simkins, Suttie, and Baumgardt (1965a) theorized that satiation 
would be the point after feeding at which the concentration of certain 
blood metabolites increased and activated the satiety center in the hypo- 
thalamus. They found acetate and ketones to be the most probable signal 
compounds for a chemoreceptor since their utilization was increased after 
feeding and decreased upon starvation. Simkins, Suttie, and Baumgardt 
(1965b) found that a glucostatic mechanism for feed intake regulation 


was not important in ruminants. They also found that the infusion of 
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acetate and butyrate into cows resulted in a reduction of feed intake al- 
though this was not significant with butyrate. The infusion of propionate 
and butyrate significantly reduced voluntary consumption of long hay fed 
to cows. The decreased feed intake occurring with propionate infusion 

was associated with increased blood sugar concentrations, increased blood 
and rumen propionate and an increase in rumen pH. They suggested there 
could be chemoreceptors in the rumen wall, portal system or liver respond- 
ing to increased propionate concentration. In addition, heat released 
during assimilation of infused propionate could be responsible for de- 
creased feed intake via a thermostatic mechanism. The mechanism by which 
acetate causes a depression in feed intake was not known. When acetate 
was infused the decreased feed intake was associated with increased blood 
and rumen acetate concentrations. 

In highly digestible rations, rumen volatile fatty acid absorp- 
tion rates would be affected by rumen epithelia. The liver monitors the 
levels of amino acids, propionate, and ketone bodies provided by absorp- 
tion from the forestomach and intestines. Blood metabolites such as 
blood glucose, acetate, ketone bodies, plasma nonesterfied fatty acids, 
and plasma amino acids would be adjusted according to requirements. 

High levels of plasma amino acids could cause reductions in feed intake. 
Effects of Feeding Pelleted, Cubed, and Wafered Rations 

Moore (1964) describes a pellet as finely ground forage com- 
pressed into a unit 1/4 to 3/4'' in diameter and 1/4 to 1 1/2'' in length, 
and having a bulk density of 40 to 45 Ib/ft>. The pellet can be made 
from forage or concentrate or both combined. Cubes are a highly com- 


pressed forage from long or coarsely chopped material and are usually 


I'' in diameter or square, and about 2'' in length. Wafers are a highly 
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compressed forage made from long or coarsely chopped material. They are 
usually 2 to 3'' in diameter, round or square, and 1 to 4'' in length, with 
a bulk density of 30 Ib/ft.? Throughout literature available, there is 
some variation in terms used to describe units being fed. 

Some of the advantages of pelleting are providing a balanced 
intake allowing no sorting of ingredients, easier handling and storage, 
decreased waste during handling and feeding, reduced dust, reduced labor 
involved, and easier adaptation to mechanical or self-feeding methods. A 
complete ration of cubes can help cut cost of milk production by reducing 
labor involved in handling baled hay and by bulk handling and automated 
feed systems (Summers, 1962). 

Among the disadvantages of pelleting are the high cost of 
grinding and pelleting and the high cost of hauling bulky roughage to 
pelleting mills (Summers, 1962). 

Factors Affecting Nutritive Value 

There are several factors affecting the nutritive value of 
ground or pelleted forage. They are the physiological state of the ani- 
mal, the fineness of grinding, the moisture content of the forage, the 
heat developed during pelleting, the hardness of the pellet, the orginal 
composition of the forage, the amount of readily available carbohydrate 
in the forage, the quality of the forage, and the amount of concentrate 
added to the pellet (Moore, 1964). Those physical factors which change 
the rate of passage of food through the gut, change the rate and nature 
of microbial fermentation, and cause variations of mechanical factors 
involved in prehending, masticating, and cudding of feed are as important 


as the chemical composition of the feed (Blaxter and McCGraham, 1956). 
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Physical Form of Roughage 


Hay can be fed in several different physical forms. Some phy- 
sical forms include long, coarsely chopped, ground, pelleted, cubed, and 
wafered. Each physical form produces changes in animal response, some 
of which may be desirable, The changes are reflected in certain perfor- 
mance characteristics such as feed consumption, weight gain, efficiency 
of feed utilization, and digestion of nutrients contained within the 
feed. 

Chopping long or baled hay appears to have little consistent 
effect on animal response. Variations in experimental results of chop- 
ping would be due to a reduction in wastage and sorting rather than to 
any specific ubsiaions Changes in animal response from pelleting may 
be due to grinding, heating, application of pressure, or a combination 
of these treatments (Beardsley, 1964). Haenlein and Holdren (1965) com- 
pared the gross nutrient composition of hay from the windrow and after 
wafering and found only carotene content to be decreased by wafering. 
They suggested heat during the wafering process could have had an ef- 
fect on chemical composition but it was not detected by proximate analy- 
sis. 

Digestive Differences 

Differences between ground or pelleted forage and long and 
chopped forage appear in the digestive tract of the animal. Pelleting 
allows for a more rapid prehension time with less mastication. With 
cubes, sheep require 10 to 15 minutes for consumption as compared to 50 
minutes for consumption of the same forage chopped. It is apparent more 
muscular effort is expended in prehending, chewing, and cudding of chopped 


material than with cubes (Blaxter and McCGraham, 1956). The result is 


‘ PY et 
~ - ' a a » s% *4 ‘ — i a . =~ d da os —_ 
“vig semor ato? 1601200 "a737 170 b@3evee2 fi oS > A 


a 


bos .badun .bersifeq. .boworp , beqqor ¥loez 16805 geno! sbataol mi, 
’ . : : ey 
2 .senoges? fenine ‘al esprets 2spebe 7g m0? tart an 
: J : - , ee P ‘~ g =s 5 a Tas ¥ a 
% 
ot1aq nisIse at batoalten ets esoreto suf . std 61) 2ob ons = 


- . 


” 

7 
sett 
oisw ,noliqmmenos beet 26-1 ane esi 22 hsanens one 
¥ - < oa “~ a 


“ 


« beniesnod etasinjun to noiti2zspib bee noises tito : 


natelanoo of34i! saved o3 etesqqs yer > befnd ed + en entgqos? 


neniregxe oi enoite ine .senogest lentes ~ 
4 


os oéne iets gait ioe bas PY: sizew nl notsaubor & ot sub od vivo 
sm pnizelisq mor? sznogze' lening aia es  senogaey ftias a 
notsenidmoo & 10 ,Sweestg To ndveest loge <ent zene enttalye 03 


” 3 
: etd ; sh 
moo (2301) npvb toH bas aie! nest - (ABR, voheb-mndl) cage 


> Se 


tee 


sa#te bas worbalw. sas wart yer! to fot 1a teense sna iiave aot 


sgnivstew yd boesaissb sd 03 snetno> SsAe2078S as ite bee bas 
ee ape ay a5 

“te as der syer ofuoo 2289079 onivelaw ot: Td sear b — 
eo . =< ‘a: > 


-ylens ste niKog yd botaes9b ad ri we noi s teagema: teat 
—_— , ue . ot 


aa me 
P 
- Fa 
a 


\ 


brs pao! bua agei0? 


ential visa Vang ain 40 ‘y2889. 9v 


1) ge a 4 


igi caotseattopn er ri 


@ se beneath la aon 


~ c- we ‘ec — “—?} 
a as os ? 
- NS ? > 4 


oF. > abe rs a a a 
an ; 5 - 


. 


coal | i 4 soceart: : 
b ] 


less salivation with less secretion of buffer salts in the rumen. There- 
fore, because of the finer particle size, there will be less rumination 
and less stimulation of saliva secretion (Moore, 1964). In the reticulo- 
rumen, because the feed particle is finely divided andeasilywetted, there 
becomes a more rapid solution of feed nutrients and a more rapid bacterial 
fermentation. The result is a more rapid production of organic acids or 
a faster rate of digestion. However, digestion is incomplete. Alwash 

and Thomas (1971) suspended cotton threads in the rumen and found the 

rate of disappearance of cotton threads was slower in ruminants fed 
ground and pelleted grass than those fed chopped grass. Higher levels 

of feeding resulted in decreased rate of disappearance of cotton threads. 
Since the completeness of digestion is dependent on the intensity of the 
digestive processes, the slow rate of disappearance of cotton threads 
indicated a severe depression of cellulolytic activity in the rumen with 
ground or pelleted grass. 

Meyer, Gaskill, Stoewsand, and Weir (1959) conducted a test to 
determine digestive differences between chopped and pelleted hays with 
sheep. They killed sheep 0, 1 1/2, 4, and 8 hours after feeding of 
either chopped or pelleted forage and compared contents of the reticulo- 
rumen and other organs. They found a faster rate of passage of feed 
from the reticulo-rumen of sheep fed pelleted hay, rather than any dif- 
ference further along the tract. They also found greater fatty acid 
production from rumen contents occurring at 1/2 to 4 hours after feeding 
of pelleted forage as compared to chopped forage, as well as greater CO, 
production. There was no change in methane production. Differences in 
volatile fatty acid production and CO, production were related to a 


greater number of microorganisms and finer particle size allowing more 
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surface for digestion. The nitrogen content was greater at all times in 
the rumen of sheep fed pellets. 
Changes _in pH and VFA Concentrations 

When dairy cows were fed dehydrated alfalfa pellets as compared 
to alfalfa as the only feed, rumen pH was reduced from 6.9 to 6.0; pH was 
inversely proportional to the volatile fatty acid concentration (Moore, 
1964). In vitro studies with rumen ingesta showed an increase in fatty 
acid concentration and CO. production for samples 1 1/2 and 4 hours after 
feeding pelleted hay (Meyer et al., 1959). 

Meyer et al. (1959) postulated a more rapid rate of fermenta- 
tion since they found a higher concentration of volatile fatty acids as 
well as a higher proportion of propionic acid to acetic acid in the rumen 
of ewes 1 1/2 to 4 hours after feeding ground or pelleted forage. The 
addition of concentrate further increased the difference. 

Oltjen, Rumsey, and Putnam (1971) fed concentrate compared to 
pelleted forage to steers. They found ruminal acetate to propionate 
ratios of 1.2:1 for the all-concentrate ration and 4.3:1 for the pelleted 
forage ration. They found reduced acetate to propionate ratios gave in- 
creased gain and feed efficiency. 

Alwash and Thomas (1971) found the mean concentration of short- 
chain fatty acids in the rumen increased with the level of feeding, and, 
at corresponding levels of feeding, was lower in animals given ground 
and pelleted grass as compared to chopped grass. These animals also 
showed a smaller percentage of acetic acid and a larger percentage of 
butyric acid. With both forms of grass, the percentage of propionic 
acid was greater at high levels of feeding that at low levels of feed- 
ing. With the increased volatile fatty acid concentration, the resul- 


tant reduction in pH was intensified because of the smaller amounts of 
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buffer salts from saliva present. 

The decreased pH may increase rate of absorption of organic acids 
from the rumen (Moore, 1964). Alwash and Thomas (1971) reported that at 
the high level of feeding, the mean pH was lower with animals on ground 
and pelleted grass than on chopped grass but that at the low level of 
feeding, there was little difference between treatments. 

Visual examination of rumen contents showed a more fluid type 
of contents for pelleted hay than for chopped hay but no significant dif- 
ference in moisture content. The difference in appearance was due to the 
fineness of the particles (Meyer et al., 1959). As the time after feed- 
ing lengthened the reticulo-rumen contents became more alike due to a 
greater amount of remastication of chopped hay. It could be postulated 
that grinding roughage before pelleting relieves sheep from remastication. 
Another factor is the faster rate of passage when ground hay is pelleted 
(Meyer et al., 1959). 

Differences in Digestion Coefficients 

It is generally agreed that increased rate of passage lowers 
the amount of digestion which can take place in the rumen, particularly 
of the cellulose and crude fibre fraction (Blaxter and McCGraham, 1956). 
Conrad and Hibbs (1973) found cellulose digestion dropped from 67.5 to 
41.3 per cent when 3/4" alfalfa pellets replaced freshly cut chopped 
alfalfa. Heaney et al. (1963) compared the effects of pelleting forage 
at three levels of maturity. Results showed pelleting decreased the di- 
gestion of all constituents of the grass at all stages of maturity. 

The stage of maturity had no consistent effects on changes in digestion 
due to pelleting. Heaney et al. (1963) found the digestion of crude fi- 


bre depressed the most and crude protein the least; crude fibre digestion 
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was depressed an average of 16.3 per cent in pelleted forage. 

Blaxter and McCGraham (1956) suggest that the more rapid passage 
of food through the digestive tract had relatively small effects on the 
digestibility of the constituents contained in the plant cells, but very 
marked effects on the digestibility of the fibrous components of the cell 
wall. 

Alwash and Thomas (1971) found that at the same level of feeding, 
the digestibilities of organic matter, nitrogen, crude fibre and nitrogen- 
free extract were lower and the digestibility of ether extract was higher 
in the ground and pelleted grass than in the chopped grass. They found 
a positive relationship between the digestibility of organic matter in 
each form of grass and the mean retention time. 

Feeding wafers to sheep, Haenlein and Holdren (19365) found 
digestibility of crude protein and crude fibre to decrease as particle 
size decreased. The digestibilities of nitrogen-free extract, dry mat- 
ter, organic matter, gross energy, and ether extract were not signifi- 
cantly affected. The digestion of crude fibre was depressed the most 
which may mean that wafers made from high quality hay with a lower 
crude fibre content will suffer a relatively smaller digestion depres- 
sion than wafers made from poor quality fibrous hay. Haenlein and Hol- 
dren (1965) and Blaxter and McCGraham (1956) concluded that the differ- 
ences in intake level was the main factor for causing difference in 
digestibility. A lesser factor was the relationship of density and 
particle size on digestibility. Denser and smaller particle size re- 
sulted in lower digestibility of nutrients, especially crude fibre. 

Water content of feces increased with increasing levels of 


intake. Higher water content of feces was related to lower digestion 
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coefficients of dry matter, organic matter, gross energy, and nitrogen- 
free extract. This suggests that higher levels of intake cause wetter 
feces giving less efficient nutrient utilization in the intestinal tract 
(Haenlein and Holdren, 1965). 

Greenhalgh and Reid (1973) found a large reduction in dry mat- 
ter digestibility with pellets, especially pellets containing all rough- 
age. They reported that starch of barley would probably be completely 
digested and that this would tend to increase the dry matter digestibility 
coefficient. 

Wilkins, Lonsdale, Tetlow and Forrest (1972) found the digestion 
of organic matter and cellulose decreased with decrease in modulus of 
fineness associated with more rapid passage of finely milled material 
through the alimentary tract. Organic matter digestibility increased 
with decreasing modulus of fineness. Dustiness restricted the intake of 
some of the feeds. 

Johnson, Ricketts, Klosterman, and Moxon (1964) found digestion 
of ground or pelleted hay lower than unchopped forage for steers. The 
finely ground or pelleted hay passed through the digestive tract of rumi- 
nants faster than the same hay when fed in the long or coarsely chopped 
form. To determine if grinding and pelleting processes prior to feeding 
had actually physiologically or chemically affected total digestibility 
of the cellulose tissue in hay, cellulose digestion by rumen microorgan- 
isms was determined by in vitro techniques. Ground hay appeared to have 
a lower digestibility. This was explained by a low apparent digestion 
coefficient for ground hay in vitro. 

Rate of Passage 
Normally ruminants eat to rumen fill resulting in rumen fill 


being the limiting factor in feed intake. If animals were fed free 
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choice ground or pelleted forage, there was a reduction in retention time 
resulting in increased consumption of feed per unit time. Retention time 
usually decreased as intake increased in hand fed ruminants. Decreasing 
retention time usually increased intake because the increased rate of 
passage of ground and pelleted forage from the rumen makes more space 
available for more feed which in turn results in a greater consumption 

of feed dry matter (Moore, 1964; Johnson et al., 1964; Beardsley, 1964; 
Blaxter and McCGraham, 1956; Greehalgh and Reid, 1973). 

The fill in the rumen for coarse forages may be relatively con- 
stant 24 hours after feeding. The rumen fill for ground or pelleted hay 
24 hours after feeding was less than for the long hay. Chopped hay had 
a greater retention time than the pelleted hay. The level of consump- 
tion of pelleted hay had no effect on retention time (Johnson eval., 
1964). 

Therefore, the amount of rumen fill and the rate of passage 
from the rumen operate together in making more room available for more 
feed (Moore, 1964). Johnson et al. (1964) concluded that when hay con- 
stituted a major portion of the diet, grinding and pelleting increased 
voluntary food consumption but simultaneously decreased digestion of the 
hay. The decrease in digestion was due to an increase in rate of passage 
since the cellulose in the long and pelleted form was equally digested in 
vitro by rumen bacteria. 

Energy Retention 

Although total digestible nutrients, digestible energy, and 
metabolizable energy values for pelleted forage are reduced due to pel- 
leting, net energy values remain the same when fed on an equal intake 


basis (Moore, 1964). Wainman, Blaxter and Smith (1972), feeding pelleted 


aes = ‘ 
baesst2ai. enitel log ‘he, pplbnite vreth vents weontsuays olen 6 b 


r 


tiv tea bos* Yo anehiqueencs bezesrdial vinnie 
| 


ani S93 sev6250 ‘sABa i beeneroni vi tevew only note 

ism nsmuy a 1 spe 0 basattes: tne oslieigs to aes 8 

93 > 5 nl 2eiuasr cms nt ret iy nee wwe: 107 ree 
, By 16 te nedehat sdaer, sri) 19236M ad be 
. (evel ‘nian brs fpiedasna eet medertdah ba 

isels neiot 921600 0% remus ad? al mn ott ; se 


iai{sq 30 bnvoryo “ot. (tit asm ent conthast sos te ewor | ican 


’ - - _ 
yeti beqaon? .yed pnof sft 19? ners eeef sew enidast 10976 a 


1 j 7) a 


o> to tsve!l 2 . ven bese! faq ona feels emis foignes7 ase 
s nozarol) semis, nets nets oo tae) We ov bed ina aren ae “4 
re, ; 3 


-no> yer nadw fend bet Lonod (HOOT) 18 ga nad Ae 4) 


tm a nee a 
7 Bo ua 


i ‘¢€ 


Yo anitaspib ssasstosb eh: aisleniiieaiin ted rol apenas: oo" 
:- ) a. c”. 
sq to 9287 af sessvont ae oo sub 26w note Het seb 


Z 


i bssesoit yfleups zéw. ene? beset tsg bas ots aed: at seoty 


= Ve 


grass to sheep, found an increase in voluntary intake of dry matter by 
27 per cent and intake above maintenance to increase by 59 per cent. The 
percentage of gross energy supplied above maintenance which was retained 
was 28 per cent greater for pellets than for long grass.. They concluded 
that energy retention in sheep almost doubled when grass was pelleted. 
Blaxter and McC Graham (1956) found grinding and pelleting in- 
creased fecal energy loss but this loss was compensated by lower losses 


of energy as heat and methane with no significant effect on net energy. 


Meyer et al. (1959) showed no change in methane production. The lowered 


bacterial fermentation was associated with a lower proportional produc- 
tion of acetic acid and a higher proportional production of propionic 
acid (Moore, 1964). 

Pelleting High Quality Rations 

As quality of long or chopped forage is increased, or as qual- 
ity of total ration is increased by addition of concentrates to the 
forage ration, there is a greater proportion of propionic acid produced. 
There is also a reduction in feed intake and gain and an increase in 
feed efficiency. The change could be related to a larger reduction of 
the acetate:propionate ratio and to a larger production of other acids 
such as lactic acid (Moore, 1964). 

Moore (1964) reported that the poorer the quality of forage, 
the greater the difference pelleting makes, or that the better the 
forage quality the less the difference pelleting makes. This argument 
is strengthened by the fact that when concentrates are fed along with 
forage so that rapid rate of gain results, pelleting the ration has 
less effect on acceptability. 


Greenhalgh and Reid (1973) working with sheep found pelleting 


20 


4 
- 
r + 
ett d 
- . 
att J } 
oon! : 
= fl 
« 
- 
D 
=~ < 
. ~ 
+ 7 
3 - 


ok 
sit 


. 


thins wdto TS nofspubeta veprst é on bas Sats 


“Sbet07 Yo v2 1+ Tswp tis ak ont saris sei ia 


7 383700 ony sed 40°. 9 


subni ne bn cjea. das ‘ole tob best niet o ta ost BC 


to WOlsoubSsY Yeoiel « 03 beieher od binios: pains 
: ae 


dhemupis’ ata eosin entaet 1q° 


vib to siatol. yietnulov bats eese75nl ns —— 


z ft 7 = aia 
‘2e36 7In=a9b5 To nolsi bas va bozeesant? at i ia 


ih Jinoigarg to sold veqo 7 “vereave wets 


> dice: saa ie . 
eiect ine 


' 0 Paes 


A 


22 yd-seestonl oF somensdaten aveds slegat t 
do trw sonensinted svoda bel aque Rutene! ow 
22670 phot s07 ne ay y asatteg a" renee 

sch Hate duob’ reumls pare nt. nots vE one 

| 
qos entbnixe binwo® (O2@F)) imaniet ot nae pdt 
"Oo z2ew eaol stay eb oF sqatunets 
10 198! 1s ; fea PP iapla-on saad erwiabes brs. 360 2 @ 


Bist 
ra Pein 


.nolisuberq steniem ia Sal “beworlt ceeen) ce 3¢ 2 18) xs 


>} 
cnois16q07q iswol so Aaiw Heteisocen on nolsaahente? tained ie 


to noise song Mendis YaQeTq Ts dete 6 ons bise ssa 
ae FS caer 


¢ 7 a 
=  _ gna ised: yo ifeud Ap ih pal fats 
3 * = = ’ ° ag 
pSton} ef span oF b sqqorts 19 prota aon if aa 


*e 


a 


oe 


eteaet’ Ms 


wy 


1/48 scan 


rm 


2] 


increased intake by 19 per cent for better quality grass but by 44 per 
cent for poor grass. They noticed that sheep responded much more to 
the pelleting of their diet than did cattle, increases being 45 and 11 
per cent respectively. The interaction was mainly due to a low intake 
of long roughage by sheep. 

Beardsley (1964) compared ground and pelleted forage to long 
or chopped forage fed to calves and found daily feed intake increased 
by 25 per cent, daily gain increased by 98 per cent and feed per unit 
gain decreased by 36 per cent. When similar rations were fed to large 
steers, improvements in intake, gain, and feed efficiency of 16, 21, and 
4 per cent respectively, were obtained from pelleting. In lambs, similar 
significant improvements were noted. 

The overall response of pelleting a high roughage ration al- 
ready ground is small. Pelleting a ration low in forage usually has an 
adverse effect on intake and gain (Beardsley, 1964). McCrosky, Pope, 
Stephens, and Waller (1961) fed Hereford steers rations of 1:4 and 4:1 
concentrate:roughage ratios in the pelleted form. They found rate of 
gain and feed intake significantly higher on the pelleted 1:4 ration. 
Pelleting the 4:1 ration gave no significant change in rate of gain but 
decreased feed intake slightly. Pelleting improved feed efficiency. 

Minson (1963) found that as gain approached a maximum, indi- 
cating a high quality ration, there was little advantage to pelleting in 
terms of consumption or gain. Johnson et al. (1964) concluded that when 
roughages were fed with high portions of concentrate, the physical form 
of the roughage had much less effect on digestion and performance than 


when the roughages were fed alone. 
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Pelleting Complete Rations 


When pelleting complete rations the advantage depends on the 
ratio of roughage to concentrate. Feed intake and gain will be reduced 
when a ration containing more than 80 per cent concentrate is pelleted. 
However, feed efficiency will be improved slightly. Feed intake was in- 
creased 10 per cent, gain increased 23 per cent and feed efficiency in- 
creased 10 per cent when a pelleted ration contained only 20 per cent 
concentrate and 80 per cent roughage (Summers, 1962). Feed consumption 
was increased an average of 30 per cent by pelleting all-roughage rations. 
However, there was a reduction of 5 per cent in consumption if the ration 
had less than 20 per cent roughage. 

Gain stimulation follows a pattern similar to consumption. 
Increased gains obtained from a high roughage pelleted ration were the 
result of increased feed consumption. This was especially true when 
pelleting lower quality roughages. Average daily gains can be increased 
50 per cent by pelleting all roughage rations and can be reduced 4 per 
cent in rations of less than 20 per cent roughage (Summers, 1962). 

Feed efficiency is also affected by the roughage:concentrate 
ratio but in the reverse order as intake and average daily gain were 
affected. There was a small increase in feed efficiency in low roughage 
rations. Feed efficiency can be increased 40 per cent by pelleting all 
roughage rations but by only 4 per cent by pelleting rations with less 
than 20 per cent roughage. The 45 to 50 per cent roughage level in 
pelleted rations was the level at which reduction began in average daily 
gain and feed consumption (Summers, 1962; Conrad and Hibbs, 1973; Klop- 
fenstein and Schneider, 1973). 


Tayler (1970) found a maximum efficiency of feed conversion 
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when the supplement was comprised of 40 per cent dried grass or 50 per 
cent barley when feeding silage to steers. He stated the effects of 
feeding barley in wafers were relatively small. The inclusion of 58 per 
cent barley in wafers increased rate of empty body weight gain by only 8 
per cent compared with a response to milling alone of 5 per cent. He 
concluded that the advantage of the inclusion of barley in wafers would 
lie more in the effect of the cost of feed than in nutrition. 
Increased Intake by Pelleting 

Increased intake is a major factor in improved performance 
observed when long or chopped roughages are ground or pelleted (Beardsley, 
1964). Meyer et al. (1959) fed chopped alfalfa to lambs ad libitum and 


fed pellets to another group of lambs such that level of intake was the 


same; gains were almost identical. When the pellets were fed ad libitum, 
intake was increased 3] per cent and gain 48 per cent. Oltjen et al. 
(1971) fed finishing beef cattle to compare an all concentrate ration to 
an all forage pelleted ration. Best gains and feed efficiency were from 
the all concentrate ration but groups fed partial concentrates and forage 
and all forage rations were not different in gains and did not show a 
poor feed efficiency. Good performance of these rations was due to pel- 
leting, permitting animals to consume sufficient feed to permit reason- 
able gain. The use of long hay would have limited feed intake too much. 
In this experiment, fine grinding of the forage was the major factor 
causing increased feed consumption. The response to pelleting was usual- 
ly most effective in increasing the performance of ruminants when hay 
constituted most of the ration. Increasing voluntary feed intake had 


the effect of increasing efficiency of utilization of the ration for 


productive purposes because the cost of maintenance was spread over a 
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greater number of units of feed consumed (Moore, 1964). 

Aughtry (1971) in evaluating the physical form of alfalfa re- 
ported that the product must be ground coarse enough to retain the 
"roughage factor.'' There is a significant interaction between fibre 
level, source of fibre, and physical condition as it relates to particle 
size distribution. The fineness of grind of alfalfa exerts an appreciable 
effect on the feedlot performance of rations tested. 

Meyer et al. (1959b) tested finely ground vs. ground and pel- 
leted vs. ground mixed with water vs. reground pelleted mixed with water. 
They found that pelleting or adding water to finely ground hay increased 
feed consumption and daily gain. Feed consumption did not increase as 
markedly when coarse material was pelleted as when fine material was 
pelleted. Much of the influence of pelleting was obtained by wetting 
the ground hay. They concluded that grinding tee the increased feed 
consumption, 

Haenlein and Holdren (1965) found sheep preferred wafers over 
fines from wafers. This statement was explained partly by a higher fi- 
bre and lower protein content of the fines. The dusty condition of the 
fines may have reduced preference. 

Tetlow and Wilkins (1972) feeding wafers to lambs, found the 
dusty nature of wafers of low density was a major factor reducing intake. 
They also found a relatively low intake of wafers early in the experiment 
reflecting the difficulty the sheep initially had in prehending the feed. 
Haenlein and Holdren (1965) observed sheep handled the wafers easily 
except for highly dense wafers. There were no undesirable effects such 
as bloating, choking, scouring or foundering on ad libitum consumption of 


wafers. 
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Wallace, Raleigh, and Sawyer (1961) fed calves either 4'' wafers, 
3/8'' pellets, or chopped hay. They found hay consumption and rate of gain 
significantly increased while hay refusals significantly decreased as a 
result of pelleting. Apparent digestion of nutrients was not signifi- 
cantly different between treatments. They reported that dust was reduced 
by pelleting the hay. 

Milk Production by Cows Fed Pellets, Cubes, or Wafers 

Pellets 

Minson (1963) states that any improvement in the production 
value of a ration by pelleting could be caused by (a) an increase in dry 
matter digestibility and net energy values of the feed, (b) an increase 
in feed consumption, or (c) a combination of both. He also reported 
that wafers, because they are made from coarsely chopped hay and not 
ground hay, will not show similar advantages as pelleted rations. 

Ronning, Meyer, and Clark (1959) and Keith, Hardison, Huber 
and Gref (1961) found cows on pelleted hay consumed more dry matter and 
produced more milk than those receiving chopped hay. Ronning et al. 
(1959), feeding the chopped hay ration with concentrates such that con- 
centrates amounted to 12 per cent of the dry matter intake, found dry 
matter intake and milk production similar to that of the pelleted hay 
ration. Butterfat percentage was unaffected. Moody (1962), comparing 
alfalfa hay, alfalfa pellets, and Coastal Bermuda grass pellets found 
no significant difference in daily intake or milk production, but found 
milk fat percentage significantly higher for the alfalfa hay and SNF 
percentage significantly lower for Bermuda grass pellets. 

Porter, Johnson, Eaton, Elliot, and Moore (1953) and Bishop 


t al. (1963) found actual milk production greater and percentage fat 
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lower with pellets. In a second experiment by Porter et al. (1953), 
pellets caused a reduction in intake due to the alfalfa being more finely 
ground, and therefore, compressed into a harder pellet. These pellets 
gave a decreased milk fat percentage and resultant decrease in fat-cor- 
rected milk. 

Tigges, and Ward (1959) fed a 3/8'' pelleted concentrate and 
found milk production, fat test, and 4 per cent fat-corrected milk not 
significantly different. Waldern and Cedeno (1970) found more milk, 
protein, SNF, fat, and fat-corrected milk from pelleted concentrate ra- 
tions than with meal form rations. Percentage fat was lower with cows 
fed pelleted rations. They reasoned that the increase in actual and 4 
per cent fat-corrected milk production was due to pelleting associated 
with changes in rumen metabolites, and greater efficiency in energy 
utilization for milk production by cows on pelleted rations. They found 
an increase in molar per cent rumen acetate and a decrease in butyrate, 
with little changes in propionate or valerate in rumen contents of cows 
fed pelleted concentrate rations. Bishop, Loosli, Trimberger, and Turk 
(1963) found molar per cent of acetic greater and butyric lower from 
high roughage rations. The proportion of rumen propionic acid was not 
altered. 

Bishop et al. (1963) fed pelleted roughage, varying the ratio 
of loose concentrate to pelleted roughage. The efficiency of utilization 
of total digestible nutrients for production of fat-corrected milk was 
in favor of pellets. When a ration with a low ratio of roughage to 
concentrate was fed (5 lb. roughage and ad lib. concentrate), there was 
a slight increase in milk protein and a significant decrease in milk 


fat percentage as compared to a high roughage-low concentrate ration 
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(ad lib. roughage plus 1 Ib. concentrate/4 Ib. milk produced). There 
was no effect on SNF, Total digestible nutrients consumed were 30 per 
cent greater with the high concentrate ration. 

Ronning (1960), feeding varied concentrate levels (0, 15, 30 
and 45 per cent of the ration) in a finely ground alfalfa pellet, found 
milk production increased as concentrate intake increased to 30 per cent 
of the ration, but increasing the concentrate to 45 per cent of the ra- 
tion resulted in a decrease in milk production. Butterfat production 
decreased for 30 and 45 per cent concentrate levels as compared to the 
15 per cent concentrate level. Four per cent fat-corrected milk was 
uniform between treatments showing that increased energy intakes, asso- 
ciated with higher levels of concentrate feeding, were not reflected 
in increased energy output as 4 per cent fat-corrected milk, due to 
lower fat production. He suggested that milk production levels were not 
affected by feeding of pellets. 

Brooks, Miller, Beaty, and Clifton (1962) compared feeding 
long hay and pelleted hay plus 2 Ib. of long hay per day. They found 
that cows fed pellets plus 2 1b. of long hay per day produced more milk 
and more fat-corrected milk per day than did those fed the long hay. 

The difference was due to an increase in intake. In this study, concen- 
trates were fed according to production. Milk from cows fed pellets 
plus hay contained significantly more fat, SNF, and protein than milk 
from cows fed long hay. The addition of 2 lb. of long hay alleviated 
the reduction in milk fat content and prevented rumen parakeratosis. 
Cows fed the long hay had a lower plane of nutrition, which explains 
why SNF and protein were that much higher in the milk from cows fed the 


ration of pellets plus hay. They suggested that changing the physical 
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forms of feed may increase SNF and protein because of the effect on ru- 
men fermentation, 

Conrad and Hibbs (1973) fed pellets (1'' long and 3/4" in dia- 
meter) to lactating cows in comparison with freshly cut chopped alfalfa 
and with corn silage and alfalfa hay rations. They found the pellets to 
be highly acceptable to cows providing 3 to 5 Ib. of long hay was inclu- 
ded in the daily ration. Between rations, there was no change in milk 
production but there was a slight decrease in butterfat with the pellets. 
Butterfat decline was due to much of the forage in the 3/4'' pellet being 
too fine for complete cellulose digestion before passing from the rumen. 
Cellulose digestion dropped from 67.5 to 41.3 per cent with the pellets. 
An increase in daily feed intake compensated for some of the reduction 
in cellulose digestibility. 

Wafers 

Veltman, Thomas, and Molitorisz (1962) compared alfalfa wafers 
with hay when fed to lactating cows. Daily dry matter consumption of 
high quality alfalfa was similar for treatments, but with average or poor 
quality hay, wafers resulted in less dry matter consumption than long hay. 
Milk production and milk fat tests were slightly more for cows fed the 
average and poor quality hay. They reported handling losses were in- 
creased with wafers of low quality hay and were least for wafers of high 
quality hay. Increased handling losses could be due to increased hard- 
ness of wafers made from low quality hay. 

Ross, Fourt, and Gephart (1959) fed Jersey cows wafers 4" in 
diameter and 1'' thick. No supplemental feeds were used. The mean daily 
4 per cent fat-corrected milk was 19.9 lb. for both groups. Butterfat 


was significantly lower. Cows fed baled hay gave milk of 5.74 per cent 
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butterfat as compared to 5.48 per cent for milk from cows fed wafers, a 
decrease of 0.26 per cent. Cows fed wafers ate 27.7 lb. per day and 
gained 0.74 Ib. per day while cows fed baled hay ate 22.0 1b. and lost 
1.04 Ib. per day. The differences were significant. They noticed less 
wastage in the bunk with wafers. 

Ronning and Dobie (1962) fed wafers of two sizes, 1 1/2'' and 
5/8'"' square. Consumption of wafers was equal. Daily consumption of 
wafers averaged 5.2 lb. per cow more than consumption of baled hay hand 
fed. If both were fed ad libitum, intake of wafers averaged 6.7 Ib. per 
cow daily more than consumption of baled hay. There was an average of 
1.8 lb. more 4 per cent fat-corrected milk daily per cow on wafers than 
on baled hay. There was no significant effect on milk fat or SNF. 

Hutton, Ronning, and Dobie (1964) working with wafers 2" by 
2 1/2'' found daily consumption of wafers to be 3.5 lb. per cow more than 
baled hay. They found aerated wafers gave a 2.0 Ib. per day increase in 
fat-corrected milk. There was no significant effect on milk fat or 
daily liveweight gain. It was noticed that refused hay samples by cows 
were lower in protein and higher in crude fibre content than offered hay. 
Cows also tended to select wafers over fines when both were available. 

Bringe, Niedermeier, Larsen, and Bruhn (1958) fed pellets (4"' 
diameter) to lactating dairy cows who were past the peak of their lact- 
ation curve. When concentrates were fed at 1 lb. per 3.2 Ib. 4 per cent 
fat-corrected milk, pelleted hay resulted in increased intake and gave 
increased 4 per cent fat-corrected milk. Concentrates fed at | Ib. per 
4.2 1b. 4 per cent fat-corrected milk resulted in no change in intake 
or milk production. Bringe et al. (1958) reported cows ate pelleted 


hay without difficulty or apparent ill effects. 
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Cubes. 

Feedstuffs (1973) reported complete cubed rations decreased 
butterfat of milk by as much as 20 per cent when cubing baled hay. They 
reported a 17 per cent reduction when cubes were made from field chopped 
hay. Cows eating baled hay gave milk of 4.2 per cent butterfat while 
cubes of field chopped hay and cubes of baled hay resulted in milk of 
3.5 and 3.4 per cent butterfat, respectively. They concluded cubes to 
lack sufficient coarse forage to maintain the proper fermentation process 
for desired fat levels. 

In a study of cubed complete rations by Murdock (1972), results 
showed a depression in milk fat tests with cubed rations. This milk fat 
depression appeared to be more pronounced in mature cows than in first 
calf heifers. In a 4-week period on the cubed ration, milk production 
increased but milk fat decreased, giving a decrease in 4 per cent fat- 
corrected milk. Murdock (1973) found fat depression greatest during 
the period of maximum milk production for 4 to 8 weeks post-partum. 

Murdock (1972) found body weight recovery following parturition 
to be more rapid in cows fed the cubed complete ration. This fact, plus 
the low milk fat tests, suggested possible alterations in the normal 
volatile fatty acid production in the rumen. Rumen fluid analysis 
showed a shift toward a lower acetic to propionic acid ratio when the 
complete cube was fed. This response was associated with the physical 
state of the roughage, ie. fineness of grind of the alfalfa. Due to the 
reduction in fat test being more pronounced at higher production levels 
when cubed rations with 55 or 40 per cent concentrate were fed, it was 
believed there could be an interaction between physical state, roughage 


to concentrate ratio and level of feeding (Murdock, 1972; 1973). 
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In addition, Murdock (1972) had cows refusing cubed complete 
rations just before or after parturition. Pathological and histological 
examination showed slight hyperparakeratosis and thickening of the rumen 
villi, subacute ulcerative abomastitis and some thickening of the mucosa 
of the upper intestinal tract in some of the cows fed cubes. Vidacs and 
Ward (1960) suggested the low acetate to propionate ratio associated 
with cubed rations may be the causative agent and that destruction of 
papillae may result in alterations of volatile fatty acid absorption. 

Fossland and Fitch (1958) fed a complete pelleted ration and 
found no significant change in milk production or body weight. They 
reported that complete pelleted rations gave poor rumination, chronic 


bloat, decreased reproductive efficiency and depraved appetite. 


Theories on Milk Fat Depression 


Reduction of Acetic Acid 

Several theories have been postulated to explain why feeding 
high levels of concentrate in the pelleted form decrease milk fat. Van 
Soest (1963) reviewed these theories. The first theory is a deficiency 
of rumen acetic acid. Decreases in acetic acid with pelleted rations 
have been observed by most researchers (Thomas, Bartley, Pfost and 
Meyer, 1968; Jorgensen and Schultz, 1963; Jorgensen, Schultz and Barr, 
1965; Van Soest, 1963; Schmidt and Van Vleck, 1974). Associated with 
reductions in rumen acetic acid have been increases in rumen propionic 
and valeric acids (Jorgensen et al., 1965; Thomas et al., 1968; Jor- 
gensen and Schultz, 1963). Van Soest (1963) suggested that an acetate 
deficiency does not really exist since the decline in rumen proportions 


of acetate could be the result of an increased production of propionic 
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acid. Blood studies show no important drop in blood acetic acid asso- 
ciated with low milk fat (Van Soest, 1963). Jorgensen and Schultz (1963) 
found rumen acetate to decrease but there was still a sufficient supply 
of acetate unless rumen volume was reduced. 

Jorgensen et al. (1965) associated a marked depression in milk 
fat with a narrow acetate:propionate ratio. They also found a signifi- 
cant increase in the percentage of rumen valeric acid and a decrease in 
isobutyric and isovaleric acids. Jorgensen and Schultz (1963) found 
acetate propionate ratio to be the most consistent change associated 
with milk fat depression. 

Jorgensen et al. (1965) found decreased concentrations of 
blood ketone bodies associated with the depression of milk fat. The 
depression in blood ketone bodies was thought due to higher levels of 
glucogenic propionic and valeric acid, with lower levels of butyric acid. 
Van Soest (1963) noted that when propionate was fed, there was a depre- 
ssion in milk fat anda MihedaneiKeeagent c activity. 

Reduction of B-hydroxybutyric Acid 

The second theory is that there is a reduction in the amount 
of B-hydroxybutyric acid in the blood and, consequently, a deficiency 
in the amount of this four-carbon unit which is available for milk fat 
synthesis. B-hydroxybutyric acid is an essential precursor of the short 
chain fatty acids in milk fat (Van Soest, 1963). The usual pathway of 
butyrate metabolism involves conversion to acetoacetyl Co A which in 
turn can form acetyl Co A or ketone bodies. Ketone bodies are utilized 
by the mammary gland in the secretion of milk fat. Van Soest (1963) 
cites Shaw (1955) as indicating B-hydroxybutyrate to be utilized 2.5 


times more efficiently than acetate for milk fat synthesis. 
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Jorgensen et al. (1965) found high correlations between milk 
fat percentage and the glucogenic metabolites. Negative correlations 
between milk fat percentage and rumen valeric and propionic acid, and 
blood glucose suggested their importance in reducing milk fat. They ex- 
plained the mode of action of glucogenic metabolites could have a depres- 
sing effect on the potential lipogenic metabolites. This was suggested 
by a high negative correlation between propionic acid and acetic acid, 
butyric acid and ketone bodies. They concluded that the major factors 
depressing milk fat involved a high level of glucogenic metabolites that 
reduced blood ketone and lipid levels and stimulated a fattening type of 
metablolism at the expense of milk fat synthesis. 

Endocrinological Control of Fat Mobilization 

A third theory of low milk fat involves the endocrinological 
control of fat mobilization. The theory states that ''the high propionate 
production causes a glucogenic response in the body that suppresses the 
mobilization of fat from the tissue and thereby causes a decline in the 
blood lipids that are available for milk fat synthesis.'' Also, fatty 
acid esterification in adipose tissue is elevated which decreases the 
availability of triglycerides in the mammery gland (Van Soest, 1963; 
Schmidt and Van Vleck, 1974). 

There are other indications that fat metabolism is involved in 
the adaptation of the animal body to non-specific stress. Fasting and 
underfeeding tend to produce a high ratio of acetate to propionate in 
the rumen, with a short term result of increased milk fat concentrations. 
However, there is a readjustment to underfeeding requiring between 2 to 
4 weeks which decreases fat and SNF in milk produced. The readjustment 
is a change to a more economical utilization of energy. Body fat in 


part serves as the maintenance source of energy while adjustment takes 
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place. 

When the fat mobilization factor is suppressed under conditions 
of low milk fat, the efficiency of utilization of acetate and propionate 
for fattening are increased. Body fat synthesis is promoted by an excess 
of reduced enzymes. The metabolism of propionate, glucose, and other 
glucogenic substances would produce an excess of reduced enzymes. These 
reactions would suppress fat mobilization in the tissues and deprive the 
udder of essential materials for fat synthesis, but promote fat synthesis 
in the tissues. It should be noted that hydrogen transport mechanisms 
control rumen acid ratios and carbohydrate and fat metabolism in the 
ruminant. The fatty acid composition of milk fat from cows fed restric- 
ted roughage diets is depressed in the proportion of short chain fatty 
acids. The feeding of unsaturated oils, fasting or underfeeding or heat 
stress produce similar changes. These changes occur with the feeding of 
finely ground pelleted roughage to dairy cows. Pelleted forage has 
caused increased unsaturation of body depot fat (Van Soest, 1963). Sat- 
urated fats tend to increase milk fat whereas unsaturated oils cause a 
marked depression. The mode by which unsaturated oils lower milk fat is 
a function of their role as hydrogen acceptors in the rumen and possibly 
in the body of the ruminant as well. 

Van Soest (1963) reasoned that if the metabolic processes that 
produced low milk fat and ketones were regarded as opposite extremes and 
the role of acetate was regarded asafunction of the ratio with propionate, 
a concept might be developed. This concept would suggest that fat mobi- 
lization would be associated with lower efficiency of feed utilization 
for fattening and high concentrate and ground roughage would be asso- 


ciated with low milk fat and high feed efficiency for fattening. Condi- 
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tions which tend to lower milk fat cause an increase in the efficiency of 
fattening in non-lactating animals, and conditions which tend to increase 
milk fat are associated with a decrease in the efficiency of fattening 

of these animals. 

This theory is consistent with high producing dairy cattle 
losing body weight after parturition; body tissues are utilized and lost 
in the form of milk. Thus, the efficiency of milk production is high 
under such conditions. 

Methods of Maintaining Milk Fat 

Milk fat depression can be reduced in a number of ways. 

Thomas et al. (1968) reported that there appeared to be a minimum par- 
ticle size which under a given set of conditions will not alter milk fat 
content or rumen volatile fatty acid concentrations. The degree of par- 
ticle size reduction of ground hay has more influence on fat content of 
milk and ratio of rumen volatile fatty acids than heating or pelleting 
treatments. The feeding of pelleted concentrates depressed milk fat 
content, but the extent to which fat content was depressed depended on 
the quantity of concentrate and roughage fed. 

Palmquist, Smith, and Ronning (1964) found that when concen- 
trates and hay pellets were fed at separate times, there was less re- 
duction in percentage fat. When hay pellets were fed 4 hours after the 
concentrate feeding and as the grain supply declined in the rumen, the 
pellets could have supplied precursors for fat synthesis. This could 
have prolonged the period of optimum precursor supply for fat synthesis 
resulting in a more normal milk fat concentration. 

Schmidt and Van Vleck (1974) suggested possible guidelines to 


prevent milk fat depression as being: 
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feed unground forage at a minimum rate of 1.5 lbs. of hay 
per 100 1b. body weight daily. 

feed a ration containing at least 17% crude fibre. 

if using ground forage use a screen greater than 1/8'' in 
diameter. 


feed forages and concentrates separately. 
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EXPERIMENTS AT THE UNIVERSITY OF ALBERTA 
Introduction 

An experiment was designed to study the effects of feeding a 
complete cubed ration to lactating dairy cows, and to study the effects 
of replacing rapeseed meal by Vicia faba beans (faba beans) of the Dainea 
variety as the protein supplement. Studies on feed intake and milk pro- 
duction were carried out. Digestion trials were carried out to determine 
digestibility of dry matter, energy, and protein. 

A second experiment was designed to study the acceptability of 
faba beans as a protein supplement for growing Holstein bulls and heifers. 
Studies on growth rate and feed consumption were carried out over a per- 
iod of 58 to 65 days. 


Experimental 


Experiment ] 


Design 


The experiment was designed as a two-way analysis of variance 
having three physical forms of the ration and two sources of protein, 


for a total of six treatments as follows: 


rapeseed meal 
Chopped hay + Condon (ere = faba beans 
rapeseed meal 
faba beans 


Complete cube rapeseed meal 
~<Faba beans 


Complete cube + chopped hay + concentrate<_ 


Twenty-four Holstein cows from the University of Alberta dairy 
herd were allotted to the six treatments (4 cows per treatment) on the 


basis of age and expected level of milk production. 
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Experimental Rations 


Two concentrate mixtures were formulated (Table 1), to be fed 
with roughage at a constant ratio of 60 per cent roughage and 40 per cent 
concentrate. It was calculated that the total ration would contain 14 
per cent crude protein and a calcium:phosphorus ratio of 2:1. In the 
concentrate mixture containing rapeseed meal, the rapeseed meal, minerals, 
and vitamins were pelleted and mixed with rolled barley to reduce sorting 
of the feed. In the mixture containing faba beans, an amount of faba 
beans, equivalent to the rapeseed meal in the previous mixture, was in- 
corporated into a similar pellet. This was mixed with the remainder of 
the rolled faba beans and barley. 

Cubes of similar composition (60 per cent roughage and 40 per 
cent concentrate) were prepared at Mayerthorpe, Albertag. They were 
prepared in a 3/4'' die and were 1 1/2 to 2'' in length. The hay was 
coarsely chopped before entering the die. 

In the treatment of cubes plus concentrate and chopped hay, 
chopped hay was fed at 0.5 per cent liveweight and the meal added to 
maintain the proportions of 60 per cent roughage and 40 per cent concen- 
trate. This treatment was included to determine whether a constant 
small amount of coarse roughage would prevent butterfat depression in 
milk that might be caused by a completely cubed ration. 

Near the end of the experiment, a supply of cubes prepared from 
Alfalfa hay only were obtained and fed to a few cows at varying stages 


of lactation. 


‘paddle Valley Products Ltd., Box 508, Mayerthorpe 
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Table | 


Concentrate Mixtures 


Ingredient (1) (2) 
Barley 89.4 77.5 
Rapeseed Meal 8.6 - 
Faba Beans! - 20.5 
Limestone 0.7 0.5 
Calcium Phosphate 0.3 0.5 
Co-! Salt 0.5 0.5 
Vitamin Mix* 0.5 0.5 
Total 100.0% 100.0% 
Analysis (Dry Matter Basis) CP (%) G.E. (Mcal/kg--) 
Rapeseed Meal Concentrate 16.1 4.46 
Faba Bean Concentrate 16.8 44g 
Rapeseed Meal Cubes 17.8 4.57 
Faba Bean Cubes 16.8 4.6] 
Hay 1227 4.63 


* formulated to supply 5000 |.U. of vit. A, 6300 I.U. of vit. D, and 
5 1.U. of vit. E per Kg. of feed 


Appendix Table D for analysis 
Animal Management 


Two weeks prior to parturition, cows were offered their 
designated experimental ration according to calculated maintenance 
requirements for digestible energy (NRC, 1971), to provide a period 
of adjustment to the ration. After calving, the daily allotment of 
feed was increased according to the cow's voluntary appetite and diges- 


tible energy requirements for maintenance and milk production. 
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Some cows rejected the cubed ration and went off-feed, result- 
ing in a ketotic condition. Treatment with propylene glycol and a change 
to chopped hay and meal in place of cubes, corrected the condition. Chop- 
ped hay and meal were fed to these cows until feed intake was approximately 
normal again. 

The cows were tied in individual stalls in the Dairy Cattle Re- 
search Unit, and were allowed exercise in the afternoons in the outside 
corrals. Fresh water and a mixture of 50 per cent trace mineral salt 
and 50 per cent calcium phosphate were available free-choice. 

The rations were fed in equal portions twice daily at 8:00 A.M. 
and 5:00 P.M. All feed offered and unconsumed was weighed and recorded 
daily. 

Digestion Studies 

Digestion studies were conducted on 24 cows, 4 cows from each 
treatment combination. During the digestion study, feed offered was 
reduced slightly to reduce weigh-back of unconsumed feed over the four- 
day collection period of feces. 

The fecal collection apparatus used was based on collection 
bags and urine deflectors similar to those developed by Balch et al. 
(1951). Urine was not collected. Total feces collected was weighed and 
recorded twice daily at 6 A.M. and 3 P.M. daily. Two per cent was re- 
tained and frozen from each collection. At the end of the trial, the 
samples from each cow were combined and dried at 70°C for 72 hours ina 
forced-draught Despatch oven. The samples were then allowed to equili- 
brate with the atmosphere, weighed and subsequently ground in a Waring 
blender. Samples were stored for later analysis. 


Samples of the experimental rations were collected daily dur- 
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ing the digestion trials, composited, ground through a 20 mesh screen in 
a Wiley laboratory mill and retained for later analysis. 
Milk Samples 

Milk production was recorded daily and samples of milk for anal- 
ysis of fat, solids-not-fat, and protein were collected every third week. 
Milk samples were collected at afternoon and morning milkings in portions 


similar to milk production. Cows were milked at 6A.M. and 3 P.M. daily. 


Analytical Methods 


Dry matter and crude protein were determined on feed and fecal 
samples by AOAC (1965) methods. Gross energy of feed and fecal samples 
was determined by combustion at 24 atmospheres of oxygen in a Parr 
oxygen bomb calorimeter. 

Milk samples were analyzed for percentage fat with a Milko- 
tasters! protein by AOAC (1965) methods, and solids-not-fat (SNF) by 


the bead test (Golding, 1964). 


Statistical Analysis 


Data were analyzed using the ANOVA2 and AOV5 analysis of vari- 
ance programs of the University of Alberta Computing Center (Smillie, 
1969). Duncan's New Multiple Range Test (Steel and Torrie, 1960) was 
used to compare differences between means. Appendix Table A shows 


mean squares. 


'A/SN Foss Electric, Hillerdd, Denmark. 
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Experiment 2 
Experimental Rations 


The treatments (Table 2) were formulated to test the accept- 
ability of feed and seed grade faba beans as a protein supplement for 
growing bulls and heifers. All experimental animals were offered | 
kg. of chopped hay daily in addition to the concentrate ration. 

Table 2 
Ration Formulation 


Ration 1 2 3 k 5 
Ingredient (Kg. or %) 


Rolled barley 100 80 80 60 60 
Seed grade faba beans = 20 - te) - 
Feed grade faba beans - 20 - ho 


Analysis (Dry Matter Basis) 
CP (%) (Actual) 13.0 15.9 15.9 18.8 18.8 


DE (Mcal/Kg.) (Calculated) 3.26 3207 3.07 2.89 2.89 


Animals and Management 


Twenty dairy animals, 10 bulls and 10 heifers, averaging 250 
kg. liveweight were started on trial at the Edmonton Research Station, 
University of Alberta. Animal weights ranged from 143 to 339 kg. The 
animals were first divided into sex and then assigned to one of the 
five experimental treatments, balanced for weight as closely as possible. 

Animals were housed in the Dairy Cattle Research Unit, and 
were tied in individual stalls over slatted floors. Fresh water and a 
mixture of 25 per cent limestone, 25 per cent calcium phosphate, and 


50 per cent trace mineral salt were available free choice. 
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The bulls and heifers were offered the experimental rations and 
were brought up to full feed of concentrate over a period of 7 days. All 
feed and unconsumed feed was weighed and recorded once daily. 

All animals were weighed at the beginning and end of the trial, 
using an average of the weights taken on two consecutive mornings before 
feeding and after water had been withheld for 14 hours. Bulls and heifers 
were on the experimental rations for periods of 65 and 58 days, respec- 
tively. 

Statistical Analysis 

An analysis of variance was computed using the University of 

Alberta Computing Center program C.S. 2384 (ANOFPR) written by Weingardt 


(1973). Appendix Table B shows mean squares. 
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RESULTS AND DISCUSSION 
Rapeseed Meal Versus Faba Beans as a Protein Supplement 

The rapeseed meal and faba bean supplements were each fed in the 
chopped hay and concentrate rations (without any cubes) to four cows. 
There were no significant differences between protein sources as measured 
by milk production per day, 4 per cent fat-corrected milk (FCM), per cent 
SNF, or per cent protein for the first 6 to 16 weeks of lactation (Table 
3). There was a 17.0 per cent increase (P< 0.05) in per cent fat when 
the faba bean ration was compared to the rapeseed meal in the first 6 
weeks of lactation (Table 3). The 9.2 per cent decrease in milk produc- 
tion per day with the faba bean ration in the first 6 week period accounts 
for the equal production of 4 per cent FCM daily. For the first 16 weeks 
of lactation, there was a 16.8 per cent increase (P> 0.05) in per cent 
fat when the faba bean ration was compared to the rapeseed meal ration. 

The reason for the higher butterfat test for the faba bean ra- 
tion is not apparent since calculated crude fibre levels were lower with 
the faba bean concentrate; 6.33 as compared to 6.50 per cent for the rape- 
seed meal concentrate. faba beans have a crude fibre level of 8.7 per 
cent (laboratory analysis) as compared to 14.9 per cent for the rapeseed 
meal (Crampton and Harris, 1969). The higher fat percentages cannot be 
explained by roughage level since cows on both Erearienie consumed simi- 
lar percentages of hay. Cows fed rapeseed meal consumed 55.7 per cent 
of their total dry matter meakelas hay and cows fed faba beans consumed 
56.9 per cent of their total dry matter intake as hay in the first 6 
weeks of lactation. The higher percentage milk fat from cows fed faba 
bean rations has also been reported by Presber (1972) and by Ingalls and 


McKirdy (1974). 
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Considering percentage SNF or protein, milk from cows fed faba 
beans was lower during both experimental periods. For the first 16 weeks 
of lactation, milk from cows fed faba beans was only 1.2 and 5.7 per cent 
lower in SNF and protein, respectively, than for the cows fed rapeseed 
meal. 

There was no significant difference (P >0.05) in terms of DM 
intake per day or DE consumed per day for the first 6 or 16 weeks of 
lactation. However, cows on the faba bean ration consumed 18.8 and 7.7 
per cent more dry matter per day and 28.8 and 17.0 per cent more DE per 
day than those cows fed the rapeseed meal ration in the first 6 and 16 


weeks of lactation, respectively. 


Feed Intake on Cubed Rations 

Observations showed that cows eating well before parturition, 
would suddenly go off-feed three to ten days postpartum and refuse large 
portions or all of their feed. Some cows were not eating well even be- 
fore parturition. The cows going off-feed were switched to the loose 
concentrate and hay ration until eating properly and then gradually 
given cubes. Some cows completely refused to consume the cubed rations 
after going off-feed. Because of these early off-feed difficulties, 
cows later in the lactation were started on the cubed rations. 
Faba Bean Cubes Plus Concentrate and Hay 

Six cows were fed faba bean cubes plus concentrate and hay. 
Cow no. 905 ate well before calving, consuming 4.8 kg. of cubes, 2.4 kg. 
of concentrate, and 3.4 kg. of hay daily with little feed refusal or 
weigh-back. Five days after calving, no. 905 went off-feed, refusing 
to eat cubes. Over a 9 week period after calving, 905 consumed an av- 


erage of 2.1 kg. daily of cubes. Expected intake would have been at 
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Table 3 


Rapeseed Meal vs. Faba Beans as a Protein Supplement 


Protein Source + Standard Error 


Rapeseed Faba +or- 
Meal Beans compared to 
Rapeseed 
Meal 


First 6 weeks of lactation * 


Milk/day (Kg. } 28.4 8t 2.31 25.8 0% 2.31 mad 
FCM/day (Kg.) 24.5 Ay ry 24.5 BF 7eTh 0.0 
% Fat 3.11 AF TY 3.647 OnE +1iJ.0 
% SNF 8.18.5 0.19 7.8845 0.19 5.7 
SF bi ciame fete iu! 
DE/day (Kg_) Heo Oost el ic eee h +28.8 
First 16 weeks of lactation ** 
“Milk/day (Kg.) 26.5 ‘ : Tose" .2670 : : 2.24 - 1.9 
FCM/day (Kg.) 22.9. ,.5.1.26 24.5 Aexulale + 7.0 
% Fat 3.09, . 6 ei 3.61, - 0.16 +16.0 
% SNF 8.06, a 0.20 7.96, o 0.28 Carita SP 
me reer ri spl rage a aoa F 537 
ay g. 5.5 A + e 5 od A + e 2 Dan 
DE/day (Kg.) NP ge 38564255 08 = 95.02 +17.0 


data based on first 6 weeks of lactation for 4 cows 
per treatment 


U 
+ 


data based on first 16 weeks of lactation for 4 cows 
on the rapeseed meal treatment and 2 cows on the faba 
bean treatment. 


AB means in the same row that are followed by a common 
supersript are not significantly different (P> 0.05). 


4% FCM (Kg.) 
where FCM 
M 
F 


O.4M + 15F 

fat corrected milk 

milk production in kg. 
butterfat production in kg. 


(Overman and Gaines, 1948) 
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least 18.0 kg. of cubes, 2.6 kg. of concentrate, and 3.6 kg. of hay. 
Over that period, cow 905 recieved 29 treatments of propylene glycol 
for ketosis and 4 drenchings with mineral oil. 

Another cow on this treatment, no. 931, was never really eating 
cubes before calving. Of the 4.8 kg. per day offered before calving, 
cow 931 consumed 1.2 kg. daily of faba bean cubes. After calving, 93] 
was continuously off-feed, consuming a total of 2.5 kg. in the first 
2 week period. Cow 93] was administered propylene glycol 7 times during 
this 2 week period. To start 931 and 905 eating again, the cubes were 
soaked in water or molasses, top-dressed with dried molasses, or broken 
up with little or no effect on intake. 

Other cows such as 206 and 149 ate the cubes more readily. 

Cow 206 ate 4.6, 2.0, and 3.0 kg. of faba bean cubes, concentrate and 
hay, respectively, before calving with no feed refusals. Approximately 
3 days after calving, there was some feed refusal for about 3 days and 
then little or no feed refusals for the remaining period on test. Cow 
206 consumed 13.3 kg. of faba bean cubes, 2.0 kg. of concentrate, and 
2.8 kg. of hay daily while on test. Cow 149 ate well before calving 
with no weigh-back. After calving, cow 149 consistently left some hay 
weigh-back and only occasionally left weigh-back of cubes. Intake of 
cow 149 was 14.6 kg. of cubes, 2.0 kg. of concentrate, and 2.4 kg. of hay. 
lt should be noted that cows 206 and 149 were younger, smaller cows with 
lower milk production and feed requirements. 

Two cows on this treatment were later in the lactation. Cow 
123 in week 49 of lactation, consumed all feed offered daily, that is 
8.6 kg. of faba bean cubes, 2.0 kg. of concentrate, and 3.0 kg. of hay. 


Cow 009 in week 37 of lactation, also consumed all feed offered daily. 


eae 
ved Yo .e3 9.6 tos , gies ne2NnO2 to 2 as sa 
loavio easlyqorq 1o 2tnon26s + BS bevels 208 woo 


.l lo devsnim ‘a iw soatdonayb ae 


_ Ans 


"ides tissi tsven zew lt .on  Teim6syt elds no woo 


r: leo snotsd best #6 yeb Mk 129 pt 8. a sas +o “oni 9 


we 


[Ee ivico 1I7A -29au> need eds? to Pay os set prsctte ¢ 


21i? oft ni «pd SiS To Ist03 6 eniivense taste i, 


ub eamia \ looylo Sneftyqo1q baits tetninbs sei “tee vee 
> si oe % 
vow eaduo siz ,cispa-patiss 208 tne tee jasve ot. sbotr bine 


- 


nsvtoid 10 .2s2¢2efom beisbh Atiw bszesib-go7 " eeeeeton WO 181 


= ul no slate: on 7° olaai yal 


Pir 


.ylibess sion zsdun od 938 ett bas. “80S. 26: dowe: ewoD 


bing atertnesno> ,2sdyo need ‘adel to. “ol 0. é ome 08 
: * 


e, a 


viatemixorggA § .2isauten best 0 n tina oniv iso ote se 


= , : 
bne 2ysb & wods yar fozuten basi. gmoz eda meee opal 
} se ana 


wod ,t4ed no bolitsc aitiniens ont 107 fear - 


bne r9381INSIHOD Yo, .o90.5 .2adue nea nde 0, ~e? 
7 b ~ 4 -* rid b 

anivis > arotod od | law ste a4 wo dept 09 94 te ; 
- yer emoe t?9! ylinetelenos evil wor “seMllvieo:> 
’ Ny - - os he A 


| ee 


7 ‘ 
vert Yo .p8 b 8" bre StH 19 99H vo..08 “rue 


a Sscrl ~ zy 


eS 


Yo sdatal .e9t3 .20 asd: ign f¥91 vita 


end - = ne a 
wr. a: | ann 
wo ntaneg ond ol _verel 
) Set » am — ee 


Her intake was 13.8 kg. of cubes, 2.5 kg. of concentrate, and 2.7 kg. of 
hay daily over her 4 week period on test. 
Rapeseed Meal Cubes Plus Concentrate and Hay 

Six cows were fed rapeseed meal cubes plus concentrate and hay. 
After calving, cow 008 ate well for the first 10 days and then had a 
period of 1] days in which continuous weigh-back occurred. For the 
next few weeks, cow 008 consistently left weigh-back but managed to con- 
sume most of her feed. Maximum feed intake for no. 008 was 20.0 kg. 
daily of rapeseed meal cubes for a period of 3 1/2 days in week 9 of 
lactation. The average intake of feed over the 115 day feeding period 
was 13.8 kg. of cubes, 1.6 kg. of concentrate, and 2.5 kg. of chopped 
hay daily. 

Another cow, no. 832, ate fairly well before calving, consuming 
9.0 kg. per day of a possible 11.3 kg. of rapeseed meal cubes, but went 
off-feed 5 days after calving, and would not start eating cubes again. 
Over a 6 1/2 week period, 1 week not receiving cubes, no. 832 consumed 
2.0 kg. of cubes daily when expected intake of cubes should have been 
around 20.0 kg. daily. When no. 832 was brought back onto feed with 
loose concentrate and hay, cubes were given gradually in an attempt to 
encourage adjustment to the ration, but with unsuccessful results. At 
the beginning of the off-feed period, no. 832 received propylene glycol 
for 2 days. 

Cow 201, before calving, ate 4.4 kg. of cubes, 1.8 kg. of con- 
centrate, and 2.8 kg. of hay daily with no feed refusals. Seven days 
after calving, some feed refusal was noticed, and then 14 days after 
calving, 201 went completely off-feed. While on test, no. 201 reached 
a maximum intake of 12.0 kg. per day of cubes for 2 days but only aver- 


aged 4.6 kg. daily of the rapeseed meal cubes. Cow 911 also ate well 
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before calving, consuming 5.0 kg, of cubes, 2.2 kg. of concentrates, and 
3.2 kg. of hay daily, Two days after calving, there was some weigh~back 
of cubes, and then 2 weeks later for 3 days, there was weigh-back. Con- 
tinuous weigh-back was noticed for 3 consecutive weeks followed by a 3 
week period of little or no weigh-back. Eventually, cow 911 went off- 
feed. Over the 10 week period on test, cow 911 ate 15.2 kg. of cubes, 
1.9 kg. of concentrate, and 2.9 kg. of hay daily. 

Two cows on this treatment were later in the lactation. Cow 
010, in week 44 of lactation, ate 9.3 kg. of cubes, 1.6 kg. of concen- 
trate, and 2.4 kg. of hay daily with little or no feed refusals over her 
3 week period on test. Cow 948, in week 56 of lactation, ate 10.2 kg. of 
cubes, 1.9 kg. of concentrate, and 2.7 kg. of hay daily with no feed 
refusals, 
Faba Bean Cubes 

There were 10 cows offered the complete cubed faba bean ration. 
Cow 124 ate well before calving, consuming 9.8 kg. daily of faba bean 
cubes, Three days after calving, there was some weigh-back for two days 
and at 10 days after calving, intake of cubes dropped from 16.0 kg. to 


6.1 kg. per day for 2 days. For the next 30 days after calving, some 


weigh-back was noticed. From then until the end of the test, 124 ate well. 


Maximum intake for 124 was 18.0 kg. per day of faba bean cubes for 3 days 
occurring in week 7 of her lactation. Over a 98 day feeding period, cow 
124 averaged 15.4 kg. of feed intake daily. Cow 212, before calving, 
consumed all cubes offered, that is 9.2 kg. daily. Continuous weigh-back 
was noticed for the first 3 days after calving and for parts of the next 
3 1/2 weeks until cow 212 went off-feed. Cow 212 consumed 8.8 kg. of the 
16.2 kg. of faba bean cubes offered daily. Cow 913, consumed 10.6 kg. 


daily before calving, with no feed refusals. Four days after calving, 


49 


Yosd-dpiaw smo@2e eaw sists .privisa 4e9%6, 2yab owT = ha: fen t 


eysh ows 107) Aced~-ripiow ance. 26 si9nd. ctlula Sat ik 2 


eyed — 10? 2 sdu> need ste? %o yab 799 ea 0,81 eo ABI 08 PSE | 
“ay 


ite. nesd edet beduo siolandes ont yesatite 2wOD DE area 


need ede? to viiab .od'O.8 of nin muénos rentvlen, iad cr 


59 .pe O.aT man? beanotb setae Io sagen sets a = yeb- 


eas 
2ei6rx3naoroa to ,.oF% S$. , redus to a o.< pnimvanas 4g D piv wins to 


nod .josd-dgisw 2zew ersds. .2yeb £167 tease aroane ” ne , ,2edus * 
< ' : = in ™ 7 
F 6 yd bewollo? 2teow svituopanont NOR beatjon 2 ow inti BTS 
: > a 
-77 raw FIC woo leyinevs, a ede orig tewon 370 staat Yo Bolnsa wm 
‘ ‘ i ; 
$¢.21 ste t1@ woo <fes) 16 boined joow OF 249 1000 abe 8 
x fa ~ 4 pe if 
“y¥fteb yer Fo .oF ee Nee s1ymsana> rr 
W Iey Ti vets! Siow dnsm2ee 7s 2ing 0, 20 owt 
+: ene 
INO: 4 3.1 -eodvo Yo .pa Es8 ee got 163 oat! 20h aan ot 
ef 1avo zele2uten best on xo alazil Adie viteb yer 20 +22 oma 69 
= 
‘o> «} 


oi $.01 ets .noitetos! to C2 Asew al Sie wos 1203 1 ons oe) 


wt 


- . Z ~ t be - | inal 
emoe .pnivies 1eits eveb OE sean oni hdd ges pe us 
fe! aT a Jc) Pe ah 

aa: 


Pe 


san #Si 328%, add Yo bao ede Tigew aris, aod _ baa i208, 20 : es F . 


.boairse pnibes? yb ae. & 3890 Picasa: 
eC! ivi6o. babcacin tod HS wor ste 


doad~sig i ow queens. wil he 


913 went off-feed and was switched to faba bean concentrate plus hay for 
a week. Cow 913 was then gradually introduced to the cubes, but refused 
to eat and had to be switched back to concentrate plus hay permanently. 

Other cows later in their lactation (Table 4), ate the faba 
bean cubes more readily. It should be noted that cow 009 suddenly went 
off-feed after eating the faba bean cubes for 3 weeks. 

Rapeseed Meal Cubes 

Ten cows were fed the rapeseed meal cubes. Cow no. 110 con- 
sumed all cubes offered in a 3 week period before calving. Intake was 
9.7 kg. per day of the rapeseed meal cubes. This cow was transferred to 
the faba bean concentrate plus hay ration a few days before calving. 

Cow 205, ate reasonably well before calving, consuming 8.5 kg. 
of the 8.9 kg. of cubes offered daily. After calving, cow 205 consumed 
14.7 kg. of the 17.1 kg. offered daily. Some weigh-back was noticed from 
4 to 10 days after calving, and from 14 to 20 days after calving. Cow 
213 went off rapeseed meal cubes 17 days after calving. Over this per- 
iod, cow 213 consumed 9.4 kg. of the 15.0 kg. of cubes offered daily. 

Other cows later in their lactation (Table 4), consumed rapeseed 
meal cubes more readily. Cow 506 constantly left weigh-back and had to 
be taken off the treatment repeatedly. Few problems were noted with the 
other cows. 

Alfalfa Cubes 

Eight cows were fed alfalfa cubes of the same size as the com- 
plete cubed ration. Two of these cows, 147 and 223 were prior to partu- 
rition. Cow 147 consumed all cubes offered, that is 12.0 kg. daily ina 
2 week period before parturition. Cow 223 consumed only 68.5 per cent 
of the 12.0 kg. offered daily before parturition. Cows 726 and 213 were 


in weeks 2 and 6 of their lactation, respectively. After 2 days on cubes, 
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cow 726 rejected all cubes offered. Cow 213 rejected all cubes offered 
after 3 days on the alfalfa cubes. The four remaining cows were in their 
middle and late lactation. Cow 931 in weeks 19 to 25 of lactation, con- 
sumed 9.7 kg. of the 10.7 kg. of alfalfa cubes offered daily. Cows 745, 
506, and 834 consumed cubes for 2, 3, and 6 days, respectively, before 


large feed refusals forced them onto different rations. 


Table 4 


Feed Intake of Cows Later in Lactation 


Starting Kg. Kg. 

Week Expected Actual 

Treatment Cow No. On Cubes Intake Intake 
Faba bean cubes 128 23 14.7 14.3 
014 30 14.8 14.7 

016 34 16.4 16.3 

009 37 16.5 15.6 

012 h3 ES.) 13.4 

123 h6 1s05 14.6 

948 53 16.0 16.0 

Rapeseed Meal cubes 506 33 14.3 1253 
610 34 16.5 1oc7 

836 38 15.0 14.8 

010 4] pe 15.5 

727 kh 15.3 14.6 

936 AS 15.6 15.4 

948 62 16.0 16.0 


Complete Cubed Rations 

In this study, cows past the peak of lactation ate cubes more 
consistently than cows earlier in the lactation. The cubed rations seemed 
to create fewer off-feed problems for cows later in lactation. It was 
noticed with cows fed cubed rations, that when going to the milking par- 
lor and back to their stalls, these cows would constantly go to stalls 


which contained the conventional loose concentrate and hay ration. The 
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cows preferred the loose concentrate and hay ration over the cubed ra-- 
tions. There seemed to be little difference between the acceptance of 

the complete cubed rations and the cubed plus loose concentrate and hay 
rations. The protein source of the cubed rations had little influence 

on intake. 

From the observations of feed intake, it seems apparent that 
younger smaller cows having lower production and feed requirements, con- 
sumed the cubed rations more readily than older, larger cows of higher 
production and feed requirements. Cows 206, 149, 205, and 008, all smal- 
ler, lower producing cows, consumed the cubed rations more consistently 
than the larger, higher producing cows like 905, 931, 911, and 913. Al- 
SO, with most cows consuming the cubed rations, there seemed to be a peak 
intake of cubes around 15 to 16 kg. daily. These observations suggest 
that cows having large feed requirements are unable to meet their require- 
ments with cubed rations. Further research is needed in the feeding of 
complete cubed rations. The feeding of cubes as only a portion (50 per 
cent) of the roughage intake should be studied. 

Fossland and Fitch (1958) reported depraved appetities for cows 
fed complete pelleted rations, and Murdock (1972) reported off-feed dif- 
ficulties just before or after parturition when feeding a complete cubed 
ration to dairy cows. Thinking that the bulk density or degree of hard- 
ness of the a might affect the intake, as reported by Porter et al. 
(1953), the cubes were sorted into varying degrees of hardness and fed 
to the cows but with no results. Apparently, the hardness of the cubes 
was not an important factor since some cows ate the hardest or softest 
cubes with no difficulty. 


Coefficients of Apparent Digestibility 


In this study, coefficients of apparent digestibility were ob- 
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tained for dry matter, crude protein, and gross energy on rapeseed meal 
and faba bean rations (Table 5). Due to the off-feed difficulties, pro- 
blems were encountered at the time of the digestion trial. Where cows 
fed cubes were not available at their peak of lactation, other cows fed 
cubes later in lactation were substituted. 

There were no significant differences (P> 0.05) between coef- 
ficients of digestibility of faba bean and rapeseed meal rations in terms 
of dry matter, crude protein, or gross energy (Table 5). Apparent diges- 
tibility of crude protein was consistently lower with the faba bean ra- 
tions, but averaged only 4.4 per cent lower than with the rapeseed meal 
rations. On the average, digestibilities of dry matter and gross energy 
were almost equal for these rations. This data shows no detrimental ef- 
fects on digestion if rapeseed meal is replaced by faba beans as the 
protein supplement. 

Considering physical forms of the rations, dry matter coeffi- 
cients were not significantly different (P>0.05) between treatments. 
However, there was a trend for the complete cubed ration to have the 
lowest coefficient of digestion (62.8) and the concentrate plus hay ra- 
tion to have the highest coefficient (68.5). The cubes plus concentrate 
and hay ration (64.9) was intermediate as compared to the concentrate and 
hay ration and the complete cubed ration. The complete cubed ration and 
the cubed plus concentrate and hay ration were 8.3 per cent and 5.3 per 
cent, respectively, lower in digestibility than the concentrate plus hay 
ration. 

Crude protein values, although not significantly different 
(P> 0.05), showed the complete cubed ration to be the lowest at 68.9 per 


cent digestibility. The other two treatments, cubes plus concentrate 
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and hay, and concentrate plus hay, had coefficients of digestibility of 
approximately 70. The complete cubed ration was 1.6 per cent lower in 
digestibility of crude protein than the other two treatments. Heaney et 
al. (1963) found crude protein digestion depressed the least when feed- 
ing pelleted rations. 

With gross energy, there was a significant difference (P< 0.05) 
between concentrate plus hay (69.4) and the complete cubed ration (62.9 
per cent). The complete cubed ration was 9.4 per cent lower in digesti- 
bility than the concentrate plus hay ration. The cubes plus concentrate 
and hay ration (65.6 per cent) was intermediate, with a 5.5 per cent re- 
duction in digestibility as compared with the concentrate plus hay ration. 

If considering either faba beans or rapeseed meal separately, 
in terms of physical form offered, similar trends exist for dry matter, 
crude protein, and gross energy digestion coefficients. However, with 
rapeseed meal, there was little difference between concentrate plus hay, 
and cubes plus concentrate and hay for dry matter, crude protein, or 
gross energy coefficients. 

The decreased digestion coefficients associated with dry matter 
and gross energy are in agreement with Alwash and Thomas (1971), Meyer 
et al. (1959), Moore (1964), Blaxter and McCGraham (1956), Conrad and 
Hibbs (1973), Heaney (1963), Greenhalgh and Reid (1973) and Johnson et 
al. (1964) who found digestibility to decrease with cubed or pelleted 


rations. 
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Experiment 2  Faba Bean Acceptability 


Dry Matter Intake 


There was no significant difference (P>0.05) in dry matter 
intake between treatments although there was an 11.3 per cent increase 
in dry matter intake at the 40 per cent level of faba beans as compared 
to the barley ration (Table 6). At the 20 per cent level of faba beans, 
dry matter intake was similar to that with the barley ration. Heifers 
consumed significantly more (P<0.05) feed than bulls, averaging 6.86 
and 5.54 kg., respectively. This difference was attributed to the hei- 
fers larger weight. At the beginning of the trial, heifers averaged 
280 kg. as compared to 220 kg liveweight for the bulls. There was no 
significant interaction between treatment and sex, (Appendix Table C) 
but there was a trend for bulls to consume less feed on all treatments 
reflecting the smaller weight of the bulls (Table 7). 

Average Daily Gain 

There was no significant difference (P+0.05) between treatment 
or sex for average daily gain. There was, however, a 6.7 per cent 
increase in average daily gain when 20 per cent faba beans was compared 
to barley, and a 14.4 per cent increase when the 40 per cent faba bean 
ration was compared to the barley ration. The treatment-sex interaction 
was not significant (P>*0.05), but in all cases, except the barley 

ration, bulls had higher rates of gain than heifers (Table 6). On the 
barley treatment, bulls gained 40 per cent less than the heifers. This 
reduced gain could be due to feed requirements of the bulls not being 


met by the barley ration (Table 7). 


Feed Conversion Efficiency for Dry Matter and Digestible Energy 


Feed conversion efficiency was measured in terms of dry matter 
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intake (DM) and digestible energy (DE) consumed per unit gain. No sig- 
nificant differences (P>0.05) were observed between treatments or sex 
or treatment-sex interaction (Table 6) for either DM or DE per unit 
gain. In terms of DM per unit gain, barley was the highest at 6.89 
followed by the 40 per cent faba bean ration at 6.50 and the 20 per cent 
faba bean ration at 6.21 kg. DM per kg. gain. Heifers consumed 20 per 
cent more DM per unit gain than bulls (Table 6). This difference would 
be due to the larger weight of the heifers resulting in higher mainte- 
nance requirements. With the barley ration, heifers and bulls had feed 
conversion values of 6.37 and 7.42, respectively. This difference would 
be due to the smaller average daily gain of the bulls than the heifers 
on the barley ration. 

With respect to DE per unit gain, differences between treatments, 
although not significant, (P*0.05) showed a 13.9 per cent and a 14.4 per 
cent improvement in feed conversion efficiency for rations containing 20 
per cent and 40 per cent faba beans, respectively, over the barley ration. 
DE per unit gain for heifers and bulls was 23.55 and 19.61, respectively, 
a 16.7 per cent reduction for bulls. This reduction is in agreement with 
DM per unit gain. The treatment~sex interaction for DE per unit gain was 
similar to DM per unit gain with the barley ration; bulls had a higher 
value, 26.25 as compared to 22.40 for heifers. This difference was due 
to the smaller average daily gain of the bulls over the heifers on the 
barley ration. 

There were no trends or significant differences (P>90.05) in 
terms of feed value when seed or feed faba beans were fed to growing 
heifers or bulls. 


From the data available, the inclusion of faba beans to a 
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barley ration increased dry matter intake and average daily gain and 
improved feed conversion efficiency for growing heifers and bulls. High 
levels of faba beans, 40 per cent of the ration, were not detrimental, 
resulting in good acceptability, as judged by feed intake and growth 
rate. The 20 per cent faba bean ration was adequate in protein and 


energy for reasonable production. Antoni (1964) and Huber (1972) found 
calves older than 3 months of age to produce good results with rations 


containing 20 per cent faba beans. 


Table 6 


Results of Treatments and Sex for Growing Bulls and Heifers 


DM Intake Average Daily DM/Kg. DE/Kg. 
Treatment (Kg./day) Gain (KG./day) Gain Gain 
Barley 5.91 0.90 6.89 24.3 
+ 20% feed faba 5.95 0.94 6.38 21.5 
+ 20% seed faba 5.98 0.99 6.04 20.4 
+ LO% feed faba 6.64 1.07 6.25 20.1 
+ 40% seed faba 6.51 0.99 6.75 21.6 
standard error 0.548 0.088 0.642 2.229 
Sex 
Heifer 6.86 0.99 7.06 3.6 
Bull 5.54 0.96 5.87 19.6 
standard error 0.347 0.055 0.406 1.409 
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Table 7 


Ration Analysis and Requirements and Energy Intake 
by Growing Bulls and Heifers 


+20% +20% +h02 +h0% 
Analysis Barley Feed Faba__Seed Faba__Feed Faba__Seed Faba 
cp (z)! 13.0 15.9 15.9 18.8 18.8 
DE (Mcal/g)7 3.26 3.07 3.07 2.89 2.89 
Requirements (NRC, 1971) CP (%) Energy (DE/DAY) 
Bull (250 kg. @ 1.05 kg./day ADG) tee 19.8 Mcal. 
Heifer (300 kg. @ 1.00 kg./day ADG) 12.2 23.8 Mcal. 
Average 12.4 21.8 Mcal. 
Energy Intake +20% +20% +h0% +h0% 
(Mcal. DE/DAY) Barley Feed Faba_ Seed Faba_ Feed Faba Seed Faba 
Bull 17.6 16.8 18.1 20.7 19a2 
Hei fer 24.2 23.4 2215 22.0 22.6 
Average 20.9 20.1 20.3 21.4 20.9 


based on laboratory analysis: barley 13.0%, 
faba beans 27.5% CP. 


2 (Crampton and Harris, 1969). 
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SUMMARY 


Experiment 1 


Before parturition, most cows ate the cubes well. Five to 
ten days postpartum, most cows would go off-feed and have to be switched 
to loose concentrate and hay rations to regain feed intake. Cows going 
off-feed were encouraged to consume the complete cubes by soaking the 
cubes in water or molasses, top-dressing the cubes with dried molasses, 
or by breaking up the cubes, but with little or no effect on intake. 
Because of these off-feed periods, several cows became ketotic and were 
administered propylene glycol. Cows later in their lactation ate the 
cubed rations more readily than cows earlier in their lactation. 

It seemed apparent that pauteets lower producing cows with 
lower feed requirements ate the cubes more consistently than older, 
higher producing cows with higher feed requirements. Maximum consis- 
tent intake of cubed rations was approximately 15 to 16 kg. daily. Cows 
preferred the loose concentrate and hay rations to the cubed rations. 
When going to the milking parlor and back to their stalls, cows fed 
cubes would go to stalls containing the rations of loose concentrate 
and hay. 

Apparent digestibility coefficients for dry matter and gross 
energy were lowest from cows fed cubed rations and highest from cows 
fed loose concentrate plus hay. The crude protein digestibility coeffi- 
cients were similar for loose concentrate plus hay and cubes plus 
concentrate and hay. The complete cubed ration had the lowest digesti- 
bility coefficient for crude protein. The effects of the cubed rations 
were probably due to the increased rate of passage of material through 


the rumen, decreasing digestibility. 
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There was no difference in milk production as measured by 
actual or 4 per cent FCM with cows fed either rapeseed meal or faba 
bean concentrate plus hay. There was however, a 16.8 per cent increase 
in percentage fat in milk from cows fed faba beans over those fed rape- 
seed meal. The reason for this observation is unknown since crude fibre 
levels were slightly lower with the faba bean ration, and both groups 
of cows consumed equal portions of their ration as roughage. Percentage 
SNF and protein, although not different, tended to be higher in milk 
from the cows fed rapeseed meal. 
Experiment 2 

On the faba bean acceptability trial, there were no trends 
favoring seed or feed grade faba beans as seen by the traits measured. 
There were no significant differences reflected in DM intake per day, 
average daily gain, or feed conversion efficiency for DM or DE. However, 
there was a trend favoring increased intake and gain as the level of 
faba beans in the ration increased. DM and DE consumed per unit gain 
were lowest for the 20 and 40 per cent levels of faba beans, and highest 
for the barley ration. For the 20 and 40 per cent faba bean rations, 
DE per unit gain was improved by 13.9 and 14.4 per cent, respectively. 

There was a difference between sex as reflected by DM intake 
per day. Heifers consumed more feed than the bulls and gained slightly 
more than the bulls. However, feed conversion efficiency was in favor 
of the bulls. The heifers, because of their larger size, probably 
utilized more energy for maintenance than the bulls. 

There were no treatment-sex interactions. However, the bulls 
tended to consume less feed than the heifers in all treatments, reflect- 


ing the smaller weight of the bulls. Average daily gain was greater for 
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the bulls on all treatments except the barley ration where gain was 40 
per cent lower for the bulls than the heifers. The reason could be 
that feed requirements for the bulls were not being met by the barley 
ration. Feed conversion efficiency was highest for the bulls on the 


barley ration, probably due to their lower average daily gain. 
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CONCLUSIONS 


Cows within 2 weeks to a month after parturition will not 
readily consume cubed rations. 


Some cows of high feed requirements could not consume enough 
cubes early in their lactation to satisfy feed requirements. 


Cows prefer the conventional loose concentrate plus hay rations 
over the cubed rations. 


Cubed rations have a lower digestibility for dry matter and 
gross energy than conventional loose concentrate plus hay 
rations. 


There is no difference between digestibility of rapeseed meal 
or faba bean rations fed to lactating dairy cows. 


Milk production can be maintained on rations containing faba 
beans as a protein source. 


Faba beans can result in increased milk fat percentage. 


There was no difference between feed and seed grade faba beans 
in terms of performance of growing bulls and heifers. 


Faba beans are readily acceptable for growing bulls and heifers. 


Faba beans can be fed at levels as high as 40 per cent of the 
ration with no detrimental effects. 
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Appendix Table A 


Mean squares obtained by analysis of variance (Experiment 1) 


Variable 


Apparent digestible 


dry matter (%) 


Apparent digestible 


crude protein (2%) 


Apparent digestible 


gross energy (%) 


Rapeseed meal concentrate versus Faba bean concentrate (6 week period) 


Dry Matter Intake/ 
Day (Kg.) 


Digestible Energy 
Intake/Day (Kg.) 


Milk Production/ 
Day (Kg.) 
4%FCM/Day 


% Milk Fat 


% Milk SNF 


Source of 
Variation 


Protein source 
Physical form 
Protein X Physical 
Error 

Total 


Protein source 
Physical form 
Protein X Physical 
Error 

Total 


Protein source 
Physical form 
Protein X Physical 
Error 

Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Degrees of 
Freedom 


NO — 
WoONnNNh— 


WONN-— 


NO — NO — 
“SON SN O— SO — SO “SO — W OND — 


NO 


Mean 
Squares 


1 
67. 
37. 
2]. 


12. 
10. 


267. 
104. 


13. 
ais 


046 


753 
291 
287 


.813 
540 
- 733 
713 


-007 
924% 
-501 
-5l2 


< 
53 


961 
426 


005 
318 


-005 
- 359 


567% 
. 067 


. 186 
-151 
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Source of Degrees of Mean 
Variable Variation Freedom Squares 
% Milk Protein Concentrate ] 0.235 
Error 6 0.044 
Total v3 


Rapeseed meal concentrate versus Faba bean concentrate (16 week period) 


Dry Matter 
Day (Kg.) 


Digestible 
Intake/Day 


Milk Produ 


Day (Kg.) 


4% FCM/Day 


% Milk Fat 


% Milk SNF 


% Milk Pro 


Intake/ 


Energy 
(Kg. ) 


ction/ 


tein 


* (P<0.05) 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 


Concentrate 
Error 
Total 
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Appendix Table B 


Mean squares obtained by analysis of variance (Experiment 2) 


Source of Degrees of Mean 
Variable Variation Freedom Squares 

Average Daily Sex 1 0.00392 

Gain (Kg.) Treatment 4 0.01748 
Sex X Treatment 4 0.05658 
Error 10 0.03065 
Total 19 

Dry Matter Intake/ Sex 1 8.6724 * 

Day (Kg.) Treatment h 0.48391 
Sex X Treatment 4h 0. 38466 
Error 10 1.2018 
Total 19 

Digestible Energy/ Sex 1 77.618 

Kg. Gain Treatment k 11.223 
Sex X Treatment 4 21.565 
Error 10 19.864 
Total 19 

Dry Matter/ Sex 1 7.1401 

Kg. Gain Treatment us 0.5022 
Sex X Treatment 4 1.7514 
Error 10 1.6464 
Total 19 


* (P< 0.05) 
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Appendix Table C 


Treatment - Sex Interaction (Experiment 2) 


Sex 
Variable Treatment Hei fer 
Dry Matter Intake/ Barley 6.88 
Day (Kg./day) 20% feed faba 6.90 
20% seed faba 6.63 
40% feed faba 6.87 
40% seed faba 7.03 
Average Daily Gain Barley 1.12 
(Kg./day) 20% feed faba 0.92 
20% seed faba 0.96 
hO% feed faba 1.02 
40% seed faba 0.94 
Dry Matter/ Barley 6.37 
Kg. Gain 20% feed faba 7.54 
20% seed faba 6.91 
hO% feed faba 6.81 
LO0% seed faba 7.68 
Digestible Energy/ Barley 22.4 
Kg. Gain 20% feed faba 25.5 
20% seed faba 23.4 
40% feed faba 21.8 
40% seed faba 24.7 
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Appendix Table D 


Faba Bean Composition 


COMPONENT LEVEL * 

Dry Matter 88.16% 
Gross Energy - 3913 cal/gm. 
Crude Protein 27.47% 

Fat 0.872% 
Crude Fibre (acid base) 8.6% 
Calcium 0.08% 
Phosphorus 0.49% 


“Laboratory analysis 
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